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TARGET MOLECULE ATTAOIMENT TO SURFACES 
TECHNICAL FIELD 
The present invention relates to methods for arraching target molecules such as 
oligonucleotides (oligos) to a surface, and to compos; tior^s for use in such methods. 
10 In another aspect, the inveiition relates to the resultarr: coated surfaces themselves. In 
yet another aspect, the invention relates to the use of photochemical and 
theimochemical means to attach molecules to a surftcvf , 

CROSS REFERENCE TO RELATED APPLICATIONS 
15 The present application is a continuation of U S. Application Serial No. 

09/227,913. for "T.-srget Molecule Attachment to Surfaces", filed 08 January 1999, 
w^hich is a continuation-in-part of ILS. Application Se-ial No. 08/940,213, for 
"Reagent and Method for Attaching Target Molecule r to a Surface", filed 30 
September i 997, now U.S. Patent 5,858,653, the emi-e disclosure of which is 
20 incorporated herein by reference. 

BACKGROUND OF THE- IN v^^ENTION 
The immobilization of deoxyribonucleic acid (DNA) onto support surfaces has 
become an important aspect in the development of ENA-based assay systems as well 
25 as for other purposes, including the development of r.-icrofabricated arrays for DNA 
analysis. See, for instance, "Microchip Arrays Put LNA on the Spot", R. Service, 
Science 282(5388):396-399, 16 October 1998; and omenting a Revolution, in 
Miniature^ LA^ato, ^;m77ce 282(5388): 4^^^ 

See also. 'The Development of Microfabricav^id Arrays of DNA Sequencing 



30 and Analysis'VO'Dbmiell^ r/572:C/f 14:401407 (1996)/ GeneraUy, 




' ' wo 00/40593 



PCT/US00/00S35 



'2 



have been developed to enable or improve the Ukelihood of end-point attachment of a 
synthetic oligonucleotide to a surface. End-poin*.: attaclunent (i.e., with the nucleic 
acid sequence attached tnrough one or the other terminal nucleotide) is desirable 
because the entire length of the sequence will be available for hybridization to another 
5 nucleic acid sequence. This is particularly advantageous for the detection of single 
base pair changes under stringent hybridization conditions. 

Hybridization is the method used most routinely to measure nucleic acids by 
base pairing to probes immobilized on a solid support. When combined with 
amplification techniques such as the polymerase chain reaction (PGR) or ligase chain 

10 reaction (LCR), hybridization assays are a powerful tool for diagnosis and research. 
Microwell plates, in particular, are convenient and useful for assaying relatively large 
numbers of samples. Several methods have been used for immobilization of nucleic 
acid probes onto microwell plates. Some of these involve adsorption of unmodified 
or modified oligonucleotides onto polystyrene plates. Others involve covalent 

15 immobilization. Various methods have also been used to increase the sensitivity of 
hybridization assays. Polymeric capture probes (also known as target molecules) and 
detection probes have been synthesized and used to obtain sensitivities down to 10^ 
DNA molecules/ml. Another method used branched oUgonucleotides to increase the 
sensitivity of hybridization assays. Yet another method used a multi-step antibody- 

20 enhanced method. Other types of nucleic acid probes such as ribonucleic acid (RNA), 
complementary DNA (cDNA) and peptide nucleic acids (PNA's) have also been 
immobilized onto microwell plates for hybridization of PCR products in diagnostic : 
applications. Furthermore, PCR primers have been inunobilized onto microwell 
plates for solid phase PGR. 

25 Only a relative few approaches to inunobilizing DNA, to date, have found 

their way into conmiercial products. One such product is known as "NucleoLink™", 
and is available fi-om Nalge Nunc International (see, e.g., Nimc Tech Note Vol. 3, No. 
17). In this product, the DNA is reacted with a carbodiimde to acti^ 
groups which then react with functional groins on the surface. Disadvahtoges of this . / 

30 approach are that it requires the extra step of adding tlie carbodiimide reagent as well >i iv'^'^M 
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as a five hour reaction time for immobilization of DTm A, fnd it is limited to a single 
type of substrate material. 

As another examp le. Pierce has recently Intro li uC'Sd a proprietary DNA 
immobilizaiion product knov^ai as 'Tleacti-Bind'^'^ DV^i A Coating Solutions" (see 
5 ^Instructions - Reacti-Birid*^' DNA Coating Soiut uv. " 1/1997). This product is a 
solution that is mixed with DNA and applied to surf such as polystyrene or 
po^npropylene. Atler overnight incubation, the solution is removed, the surface 
washed with buffer and dried, after which it is ready r Ir/bridization. Although the 
product literature describes if as being useful for all : ir Tion plastic stu^aces used in 

10 the la:)crator}\ it do^s havs some limitations. For e>; laple. Applicants were not able 
to demonstrate useful immobilization of DNA onxo oiypropylene using the 
manufacturer's instrucdons Furthermore, this prod a : : r equires large amounts of 
DNA. The instractions indicate that the DNA should be used at a concentration 
between 0.5 and 5 .ug/in-.. 

15 Similarly, Costar sells a product called "DN.r BIND™" for use in attaching 

DNA to the surface of a well in a microwell plate (sei, e. g., the DNA-BIND™ 
"Application Guide"). The surface of the DNA-BrND"^*^^' olate is coated with an 
uncharged, nonpolymeiic heterobifunctional reagent : v^ntaining an N-oxysuccinimide 
(NOS) reactive group. This group reacts with nucleophiles such as primary amines, 

20 The heterobifunctional coating reagent also contains pliotochemical group and 

spacer srca v/hich covalently links the reactive group 'o ihe surface of the polystyrene 
plate. Thereafter, amine-modined DNA can be cov^i . intiy coupled to the NOS . ^: . • . 
surface. The Dlv A is modified by adding a priman-' ■•yrOni either during the synlOiesis 
process to die nascent oligomer or snzymatically to preformed sequence. Since . 

25 the DNA-BIND''*^^' prodnct 1.5 polystyrene based, it i,s of hrnited use for those 
appl'catioi!3 that leqnire ele\'ated temperatures such ihennal cycling. 

The5:e arious produces may be uselul for son : ; : p urposes, or under certain 
circumsiancei;, but all tt^rA to ouffer from one or mo; :: :lr:i;\vbacks and constraints. In 
particulsi*, they eilter tend '\o reqixire large'&aoiu : I c» -Vgomicleotide, feiider . 

30 ^ back ground noise Icvtl^ th^^ ai t ansuitably Wg^^^^^ ;i=.ck versatility!.^' 



Intemationa! Patent Application No. P CTAJ S98/20 1 40, assigned to the 
assignee "of the present application, describes and claims, inter alia, a reagent 
composition for attacriin g a target molecule to the surface of a substrate, the reagent 
composition comprising one or more groups for atxracting the target molecule to the 
5 reagent, and one or more thermochemicallj' reactive groups for forming covalent 
bonds with corresponding functional groups on tlie attracted target molecule. 
Optionally, the composition further provides photogroups for use in attaching the 
composition to a surface. In one embodunent, for instance, a plurality of 
photogroups and a plurality of cationic groups (in the form of quaternary ammonium 
10 groups) are attached to a bydrophilic polymer backbone. This polymer can then be 
coimmobilized with a second polymer backbone that provides the above-described 
thermochemically reacti ve groups (e.g., N-oxysuccinimide ("NOS") groups) for 
immobilization of target molecules. 

While reagent compositions having both attracting groups and 
15 thermochemically reactive groups, as described in the above-cap tioned PCT 

application, remain useful and preferred for many appliciations, AppUcants also find 
that the attracting groups may not be required tmder all circumstances. For instance, 
one suitable process foi' preparing activated slides for microarrays includes the steps 
of coating the slides with a reagent composition of a type described in the PCT 
20 application (and paiticularly, one having both attracting groups as well as 

photoreactive and thermochemically reactive groups). The polymers are attached to 
the slide by activation of the photoreactive groups, following by the appUcation of ■ 
small volumes (e.g., several nanoUters or less) of target molecules (e.g., 
oligonucleotides) using precision printing techniques. 
25 Once apphed, the solvent used to deh ver the oligonucleotide is dried (as the 

oligonucleotides are attracted to the botmd polymer), and the slide incubated imder 
conditioM smtable to pemiit the theimochem 

the botmd polymer. Thereafter, however, any unbound oligonucleotide is typically 
washedofif of the slide. Applicants have found, howeyer, that ■ .^■. -.--^^^^ 

30 remains a detectable trail of unbound oligjon^ a "coir^t ef^ 
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It. as it is washed from the 
o ily high levels of background 



leading avv ay fi om the spot. This trail is presumably viii :: to the attractive forces 
witlrlr: thi? bound polj'nier present on tlie slide surf;?; : suiTounds the spot, serving 
to t.e up the generally nega- ively charged oligonuc- 
spot. This trail, in tuni, can provide undesirable aiic 
noise. 

Applicants hav i found Snat under such circi^ : :: ;arices (e.g., the application of 
small volume!^ directly to a generally flat surface) r . ; rnedc reagents are preferably 
provided vithout the presence cf such attracting gror ps (though wdth the 
thejiiiochemicaily react; ve o^*ps and optional pbo h vn .:>aps). Suitable reagents of 
this t> pe ai-e disclosed in the above-captioned co-pe ; :i?7=g PCT application. Such 
reagents, m turn, can be used to coat oligonucleotic - ; m a manner that provides an 
improved combination of such properties as reduces : 1: riokground, smaJl spot size (e.g., 
increased contact angle), as compared to polymeric -ui iTcnts having charged 
attracting groups. 

SUN1MARY OF THE IN\ ;:;N HON 
The present invention proA^des a method ai\ rf agent composition for covalent 
attachment of target mo iec ales onto the surface of - ^.strate, such as microwell 
plates, tubes, beads, mioro&cope slides, silicon wafers c 
embcdiment, the metlioi and composition are used : :. .^^ 
onto plastic maienais si ch iri microwell plates, e.g:., ;:y 



membranes. In one 
^mobilize nucleic acid probes 
use in hybridization assays. 



i iie adapted for use with ^- f 
croscope slides and otho: 



In a preferred enibodin:er;t vJie method 3:id compor 
substantially fiat surfaces, such as those provided b 

plasdc. silicon hydride, or organosilane-pretreated •i r.T: or silicone slide support 
surfaces. Tiis reagent compo:.itloii can tlien be usee .:o valently attach a target ■ ; 
n'iolccule such .-j;^ a bjor.iolecuie (e.g., a nucleic aci : ' tiinh in turn can be used for 
Kpeciilc: binding reactio:v:. (e,g., to'hybri.dize a nucV:/ * ';c:d tb its complementaiy - . . . . 
strand), " ■ 

■ ^upnort surfaces csiii be prenafed firom a :>i' iriaterialsV including but .-j^^^^ 



30 . limited to p! 



las lie materials selected froin tlie jaxyj^ . 
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fhennoplastics (e.g., high and low density polyerhylcaic^s, polypropyienes, acetal 
resins, nylons and che::Ti^oplastic polyesters) and amoiphous thermoplastics (e.g., 
polycarbonates and poly .meihyl methacryiates). Suitable plastic or glass materials 
provide a desired co:cib> nation of such properties as rigidity, toughness, resistance to 
long term defomiaii cn , icovery Srom deformation on release of stress, and resistance 
to thennal degradation. 



A reagent composition of the invention contains one or more 



10 



15 



20 



25 



thennochemicaliy react; ^/c groups (i.e., groups having a reaction rate dependem on 
temperature). Suitable groups are selected from the group consisting of activated 
esters (e,g., NOS), epoxide, azlactone, activated hydroxy 1 and maieimide groups. 
Optionally, and preterm Ijiy, the composition can also contain one or more 
photoreactive groups. Additionally, the reagent may comprise one or more 
hydrophilic polymers, co l^'hich the thermochemicaiiy reactive and/or photoreactive 
groups can be pendent. The photoreactive groups (alternatively referred to herein as 
•*photogroiq)s") can bti vised, for instance, to attach reagent molecules to the surface of 
the support upon the application of a suitable energy source such as light. The 
thermochemicaiiy react ve groups, in tum, can be used to form covalent bonds with 
appropriate and cornpic iientary functional groups on the target molecule. 

Generally, the reagent molecules will fin;t be attached to the surface by 
activation of the phoicgroups, thereafter the target molecule, (e.g., an oligonucleotide) 
is contacted with tl^e uound reagent under conditions suitable to peimit it to come into 
binding proximity Wit .1 the bound polymer. The target molecule is thermochemicaiiy 
coupled to the bound reagent by reaction between the reactive groups of the bound s . 
reagent and appropriate iiinctional groups on the target molecule. The \ . 

thermochemicaiiy rcac ;ive groups and the ionic groups can either be on the same 
polymer or, for instanc:i.% on different poh/mers that are coimmobilized onto the 
surface. Optionally, and preferably, the target molecule can be prepared or provided 
with functional groups '.ailored to groups of the reagent molecule. During their 
synthesis* for instance, tae oligonucleotides can be prepared with functional groups 
suchasatrmiesor suifhYdrylgroiips.;i-''i^^^ ■ --'^^^v - . . . .-^y^ ^-S'^:0'^:MM- 
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The invention fcrthei' provides a meihod of ^ ; : ching a target molecule, such 
as an oligc, to a surface, by emplojang a reagent as : scribed herein. In turn, the . 
invention provides a surface having nucleic acids al ; 'ihed thereto by means of sudi a 
reagont as well as a materia (e.g., micro well plate) 
5 yet £iiothe:r aspect, the invention provides a compc'.^ 
this invention in combination with a target molecul: 
function?! yrouos reactive v/v:h the thermochemic? ■: 
Using such reagents, applicants liave fovLncl 
covalently immobilized to ;3 variety of surfaces, im. ' 
10 oaiervvise adsorb the pr* >bes (such as polypropylen r ? . ;vi r oly\'inylchloride). The 
resultinsi surfaces provide s gaals comparable to or : than those obtained with 
modified ciigcr-ucleotides adsorbed onto polystsTei. 

The present imirLobil'?ati.on reagent and m'--v 
methodri in a manner that is simpler thaji those pre^; 
15 provide imoroved sur feces ::or the covalent immob: ■ 
nncknc acids. In addition ic immobilized probes fc- 
hybridizati on r.r.sa vs, tlie r e;ieents of this invention • rrovide improved nucleic acid 
immobilizfclion for solid phase sequencing and for a :. [mobilizing primers for PGR and 
other an-iplification techntqu-^s. 

20 

DETAILED DHSCEr ri ON . ..u 

A T^referred reagent mol ecule of the preseiu i c arion comprises a hydrophilic 
backbone bearing one or n; :.] e thermochemicaJly r .;-;:. r;=j .groups useful for forming a 
covaleat bone with the con i-rsponding functional ^;^< so ofthe target molecule, ■ -: 
25 together wiiii ovie or rnorp phcvoreactive groups us.' : '.ov attaching the reagent to a 
surface, -r:^--—- ; ' . 

In another embodirr.eiit cf the invention, it v. : .-;.t .sible to immobilize nucleic 
acid sequences withoirr the: use of the photoreactivr: . [^y.::^. For instance, the surface , , 
• • cf il 0 rnaterial vo be ro^id cm be providsd with ti iC'irbchemically reactive groups, v ^y^i^i-^iM 
30 . Vriiich ikz be u'^ec ib'irnmobiiize hvdrophilic.' 



.V: provides such a surface. In 
ov) comprising a reagent(s) of 

contains one or more 
tra ctive group(s) of the reagent 
c^^pture probes can be 
; V ^? surfaces that would not 



07 ]>olycarbonate. 

i can be used in amplification 
: ; ly reported, and can also 

A ion of nucleophile-derivatized 
r: plification methods and 



•ophihc'pcvy^r^- u^:vihg tlierm6ch«nically^ 
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reactive groups as de?;: . i 'td above. For exairpie; a siuface may be ireatsd ^;^ith an 
ammonia plasma to ivdx auce a limited mmiber of re^iclive amines on tht* surface of 
the material. If this srn/ : -re is then treated with a hydrophilic polymer having 
thermochemically rea^ ; v - groupvS (e.g., N03 groovy, then the polymer van be 
5 immobilized througri u: i. ::ticn of the >IOS groups v;rji (Correspond: ;:}g amine groups on 
the surface. Preferabiy. ;Vie reactive groups on the poiymer are \n excess relative to 
the corresponding re;:; / . 5 groups on the surface 1.0 ii>..sure xhai a sufficient nim7ber of 
these thermochenucai ly . ^iactive groups remain following the immobihzation to allow 
coupling with the nucjox ; Acid sequence, 

10 While not ipJ epo vj g to be bound by theor/, ii; appears that by virtue of the 

small spot size, as vvoii ; s Ihe kinetics and iluid dytianiics encountt;re<l h;. the use of 
reduced spot sizes, the; /.gonucleotide is able to ixme into binding proximity with the 
bound reagent witho .iv i • - need for the attracting groups described above. When used 
for preparing microaira vc. e.g., to attach capture molecuies (e.g., oligonucleotides or 

15. cDNA) to the microsrn) / surface, such capture moiecuies are generally delivered to 
the surface in a voiunuj r less than about i nanoliter per spot, using printmg pins 
adapted to form the sim: : ^ inio arrays havhig center to center spacing of aDout 200 yLtn 
to about 500 ^im. 

Given their snia i voi^imes, the printed target arrays tend to dry quickly, thus 
20 further affecting the Gcai ?iuig kinetics and efficiency. Unlike the coupling of DNA 
from solution and onio ri le surface of coated microplate wells, ciigonucieotides 
printed in arrays of exirt-r-iely small spot sizes tend to dry quickly, thereby altering the 
parameters affecting ih:? iuaimer in which the oligonucleotides contact and couple 
with the support, ir; adc.nion to tae design and h5*Tidiing of the printing pins, other 
25 factors can also affe^r:: spot size, and in turn, the uldmate iiybridizatipn signals, 
including: salt conc£:ri':i .'itions, type of salts sjid wetting agents in the pnnting buffer, 
hydrophobic/hydropiilii :: properties of the surfaces; the size and/'or concentration of 
the oligonucleotide; c-n i vue drying environnieiits 
-V . I., As described h^rern (e.g., in Examples 25, 26 ;ind 28), coatings of reagents 

30 having both photcg: ci..;: fa)d thermochemically reacBve groups ("Photo-PA- - ..v : 
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Po-yNCS"): as £s rea^^reots having tl-'.ose; group? ' ; -Aber with attracting groups (a 
mixture of 'Thoio-?A"Poiyi^OS;Photc-PA-PolyQu:v: ; hozh provided useful and 
speciuc iTi5r;iobiiization of ri;>iine-niodificd DNA, ^-v \ i choice between the two. 
approaclies being largely cicoondent on the choice c ^ • ; . ^j^.trate (e.g., flat slide as 
5 opposed to micxov/ell). 

In a prefered errA*:>ocLi nient, (he reagent cora : r ' ic*.n can be used to prepare 
activrited slides having ':he reagent composition I'^hciv-r h^iaically immobilized 
thereon. Thf^ slides can be^ s^r'-bly 5?tored mcl used a . ' /er date to prepare microarrs^s 
by inTnobili^ing atnine-nro .ii fied DNA. Th?n coupl;.!^ . r the capture DNA to the 

10 surfe: ^ lakes place at pH ?'9 in a humid environrac: ' \-r;ov/ing printing the DNA 
sohitior in the form of smali. spots. 

Activaterl slides of V: cr; p"esent invention are, : : r - vruarly well suited to replace 
convexitiona! (e.g., silylated) glass slides in the prer; r.:. : : ; of microarrays using 
maj:iMfactoing ar.d procr:s:M::'-.>^ Brotocoln, reagents 2\ j = - iipment such as micro- 

15 spotting robots (e.g., as av3i;:-ibk fioni Cai-lesianV '^v-:'^ . r.l: ipmaker micro-spotting 

devk t fe.g., as available f:*ct:n TeleChem Intemat;o} Suitable spotting equipment 
and protocols are conniuir-LV'^iliy available, such as ^ . ; .r^.rraylt" ™ ChipMake^ 
spcuing device. This prodi.-ct is said to represent an ; :; -•a::iced version of earlier 
micro-spotting techaiology, employing 48 prf.nting * o deliver as many as 62,000 

20 sajnpies per solid subotrate. - i 

The use of such iu: ir.ji'xainent, in combu>atk v i J t conventional (e.g., poly-1- 
lysicrxo coati^d) slides, is well iaio vvn in the art. See, : : : hA;?tance, US Patent No. . . 

5.087522 (Blown et ai.) '*lv/-c'thods for Fabricating r ; a i.- i=Vi ays of Biological ; 
Samples'', ai^d the! references cited therein, tiie disc^.:.;- j of each of which are 

25 incorporated heiein by /slbrouct:.. 

For inst^.^nce, ib.r nicil ioc and system of thfi ?: . r .- ni invention can be used to . 
pro-vidi ?. substrate, ?uc;h .-i rfass. slide, with a Jiiir';,-: :: .uung one oi^more \ 
nriicrojuj":! , E:^^t;b rrij/::ro^^-'^y pr^f^rzbjy p/ovic'es ^- r .-ii: about lOQ/cm^ (and 
vrc:>.:i:biV ct lr:i>t £bc^:;t lOi'^OAjin") disdnct tareev vr . : : :.iUs (e.g;; polynucleotide or ^ -i^-^^^r^- 

30 t/cO vneptidc b\or-olviCi^y'i^ i ii a ^xirface area ^^f less .th;r; : ^bout 1 cm^. Each distinct '''■■>: 
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target molecule 1) i^; d: i osed at a separate, defmei position xn the array, 2) has a 
length of at least 10 SMcn'riils, 3) is present in a dctmtd amouni between about 0.1 
femtomoles and abo/ ::ianoniciies, and 4) is deposited in .selected. vciiriTie in the 
volume range of abo u;: CA) i nanoliters to about 1 00 nanohters. These regions (e.g., 
5 discrete spots) witiua thf^ array can be generally circular in shape, with a typical 
diameter of between acy?-: lOmicrons and abcmi 500 microns (and preferably 
between about 20 an.o a* i ut 200 microns). The regious aie also preferably separated 
from other regions m er e aixay by about the same distance (e.g., center to center 
spacing of about 20 r .ns to about iOOO microns) . A plurahty of a:.ialyce-specific 

10 regions can be proviAfr m .ich that each region includes a single, and preferably 
different, analyte speca'i:: reagent ("target moiecule''). 

Those skiiieci ;r: :i: t- art, given the present description, v/ill be iible to identify 
and select suitable reay-^^-i LS depending on the tyj^e of target molecule of interest. 
Target molecules iiicijjc-/Dut are not iuiiited to, piasmid DNA, ccsmid DNA, 

15 bacteriophage DNA, j ;o: c-xiic DNA (mclu(ies, bul no: iimited to yeas:, viral, bacterial, 
manunalian, insect). i^J:v u , cDNA, PNA, arid oligonucleotides, 

A polymeric ba: > rxme can be either synthe tic or naturally occurring, and is 
preferably a synthetic pr, iner selected .from the gi oup consisting Oi oligomers, 
, homopolymers, and t ■>;;:. : y"iTiers resuiiing from additon or contiensat on 

20 polymerization. Naiuih . . > occiuring polymen;,- such as poiysaccharidcSs polypeptides 
can be used as well. ?r^-: tired backbones are biologically inert, in th^ 
provide a biological j uiv: .'on tiiat is inconsistent with, or detnment<il to, thyir use in the 
manner described. 

Such polymer fc-: -rbones can include acrylics such as those polymerized from 
25 hydroxyethyl acrylatt^ Iv/d^^ 

methaciylate, acrylaDi::=:;>: :^i^d methacrylamide, vinyls such as polyvinyl pyrrolidone and 
polyviiiyl alcohol, nyiouK such as polycaprolactam, polylaury^ 
polyhexamethylene avirp:. inide and polyhexamethylenc dodecan^ 
. mdpolyethers (e.g., po A rihyl^ . - ''' ''^:BSL 
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05 en to provide hydrophilic 
; ? of tiiermochemically 
V: on dependent upon the 
cc to provide a spacer between 
: i iis manner, the reagent can 



: ^ with polyacrylamide and 

:U:pt latent reactive (preferably 
irrr jy) to the polymer backbone. 



The poi>T:oeric backbones of the invention a; 

bacMiones capable of b'?ariixg the d^^sired number ai;: 

reactive; grciins, and cp-ion?r:ry pbctogroups, the coj . 

reagenl selected. The pc Ijoxcrxic backbone is also se; 
5 the surfac:e and The tJieri)0c;lv:;micall3' reactiv'^. gi'^^^ip" 
' be bonded to a SLirlace ir: ':o in -tdjacent reagent r.i: I :::u:e^ to provide the other grotq)S 

with sufficient freedon:' of rr o'/ement to demonstrat<: i :::: }ial activity. The polymer 

backbones are t?referab]y hvr>ro;:)hjlic (e,f;,, v/3ter so =■ 1 

polyvinylp^^rroiidone bnimi l;?5rhcuiarly prclerred pc ::! 
10 Keagents of the >nve;i!:ior' carry one or more ■ ■ 

photore active) groups covaAfMifiv bound (directly or : r 

Piiotoreactive g^ oirps d:llne:l herein, and prefen e rro! fps are sufficiently stable to 
be .stored imder condition^; in ivbich they i-etain suc> :or.J::rdes. See, e.g., U.S. Patent 
No. 5,002,582, the disclosiir? of which is incorpora- ■ • ■ wrnn by refermce. Latent 

15 reactive groups can be uiiosen that are responsive to ri : s portions of the 

electromagnetic spectn::?n. with those responsive to r . ; : ^'lolet and visible portions of the 
spectrum (refened to he-ei:a as "photoreactive") beij .:^ n . rdcularly prefenred. 

Photorer-ctive gr:^iiD?: respond to spedfic apr. i d o-xteraal stimuli to undergo 
active specie generat.OAi v^:rl: resultcUit covalent bon: m^i:; to an adjacent chemical 

20 structu.v^t, t\g, £S provid^^d by tht^ 5?ame or a clifferen! v ; v^jc ule. Photoreactive groiq^s 
are taose groups of atouis la a raoU^cule diat retain t, r: ; cvalent bonds unchanged v; ■ 
undijr conditions of sto; age i:ut tha:, upon activatio).-. . . ^ n- external energy source, fomi 
covalen; bonds witli otiiir vcolecules. ; ; r ."^v / ' ^'^.^ 

. ' The pho :c reac'rA e gi oups generate active sp vc; sdch as firee radicals and 

25 particuiarly nineiies, c^7b:JV'^% and excited siates of; .fo::; u-:s upon absorption of ;. 
eicctroinagnedi: energy. ?b.:;lcreactive grouj^s may "^^ : •: *;csen to' be responsive to -.^ 
' vaylhusporA-jr^s of the elcorror:f<?;giietic spectrum, i rholoreactive groups that are 
respoii^iv? to e.g., uJtnrnol!: ! 3ur! visible portions oi' .: : ectnira are preferred and may 
be referred to ]^e^ei^'cc:6asi:nwJiV "pho{ccl^exu3C^^■^^^' ; or *'photbgr62K 
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Photoreactivi: vry v etones are prefeireu, such acetophenone, berzophencne, 
anthraquinone, anthro 've, ■ nd antlirone-iike heierocycles {i.e^ h-^^ 
antfarone such as thcsf ;:u:;v^n:f N, O, or S in ibe IG- poFuion).. or their substituted (e.g., 
ring substituted) derr iiij ^ The iiunciiona.] gioaps tviMich ketones are >DrefeiTed since 
5 they are readily capabl -f .'jidergoitig t/ie aciivuliovvij •;;j::dvation/re2clivution cycle 
described herein. Benzcr l;erjione is a particulariy preferred pholoreacti ve moiety, since 
it is capable of photoche; vioai excitation with rha initial fbrmadon of an excited singlet 
state that undergoes i3.v:.cr? /.stem crossing to the tnpisr state. The excited triplet state can 
insert into caibon-hy :i: o j;, in bonds by abstraction ox a hydrogen atom (from a support 

10 surface, for example:) :fvi-s creating a radical, pair. S\2bsequen." coiiapse of the radical 
pair leads to formatk n. : r i? new cejbon-carbcn boiA. If a reactive bend (e-g., carbon- 
hydrogen) is not availi^Ji. ior bonding, the ultra\aolet ligat-induced excitation of the 
benzophenone group is ■ ^'ei*sible and the molecule returns to ground state energy level 
upon removal of the truv: y source. Photoaclivatibie ar/i Ketones such as benzophenone 

15 and acetophenone ar^r o- pmiculai impoitancs in^iiiriuch as these groups are subject to 
multiple reactivation i: j v. ; tier and hence provide irxreas^t^d coating efnciency . Hence, 
photoreactive aryl keion t aie panicuiarly pre 

The azides corn:'.. .;;ie a preieired class or photoceiiclive groups and include 
aiylazides (C^Nj) sv.oi, e>; phenyl azide and particulariy 4-fiuorD-3-nitiophenyl azide, 

20 acyl azides (-CO-N.; Siu as benzoyl azide and p-nietiiylbenzcyl azide, azido formates 
(-O-CON3) such as ei*;y: 3:ddofoiTnate, phenyl ai:i do formate, sulfonyl azides (-SOj-Nj). 
such as benzenesuIfoyj\ I njddc, and phosphoryl azides {RO)2FON3 such as diphenyl 
phosphoxyl azide and . lyl phosphoryl azide. r.*;azo compouacs coBStirate another - ^ / 
class of photoreactivv: ivps and include diazoalkaiie?? (-CHN^) such as diazcmethane • ■ 

25 and diphenyldiazometkr ix:?. diazoketones (-CO-CIIN2) such as diazoacetophenone and 
l-trifluoromethyl-l-r.i^?.;: 2-pentanon(3, diazoacetates (-O-CO-CHN^) such as t-butyl 
diazoacetate and phenyl d .azoacetate, and beta-lceto-alpha-diazoacetates (-CO-CNj-CO- 
0-) such as t-butyl abferi ciiazoacetoacetate. Other photoreactiT'e groups include the 
diazirines (-CHN2) sx^vh iii; 3-trifluoromethyI-3-pae.n.yldiaziririe, and keteues 
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CH=0=0) such as icet-:i-':' and diphmylketeneV ^^p^ aryl ketcues such as 
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aryl azides 

azidofor.mtes 
sulfonyl a2ide5 
phor;phoryl azides 
diazoalkanes 
diazoketones 
c5 i ^ •7/''; f t at 5$ 



Re$i<?ye F^^Qtionality 

R-NH-R' 

R-CO-NH.R' 

R-O-CO-NH-R* 

R-SO2-NH-R' 

(RO)2PO-NH-R* 



benzophcnoiie arid acetcph':T;or/:: ;xr^ of partic alar imp .-itiurn .e inasmuch as these groups 
are siabject ro mxiUiple roac:.h'ai:iori in water and he^cr ::*:o vide increased coating 
efficiency. 

Upon activatio;! of the photoreacti.ve groups, -eagent molecules are 
covalently bovrd to esoh o^ljor and/or to tlie ni^terial - vrfece by covalent bonds tiirough 
residue:-: of the pjictoreactlve. ^proups. Exemp iary pho : .r::£C:!ve groups, and their 
residtves upon activHtioin ar<v .^iiown as follows. 

araiiie 

10 ac>iazi'Jt:s amide 

carhnmate 
srlfciiair/ide 
pho?phoramide 
Tiew C-C bond 

15 diazoketones new C-C bond and kei r 

new C-C bond and erx * r 
beta-iariio-alpha-uiazoacetaJcsnew C-C bond and bii^..- 
aliphatic azo new C-C bone 

diaziiines nfsw C-C bond 

20 ketexies new C-C bond 

plioioaciivalrd ke^ionei^ new C-C bond and a!-: ■:^0! ^ .1 

Those sldlled in the art, given the present dc riction, will be able to identify, 
and select suiiiabie tliernu^^clamcaliy resctive giouo, x provide for covalent ; 
inirnobilization of appropiirit^ly denvafc^zed nucleic . :. i sequences. For example, an 
25 srrdno dejiivatii^cU nuoic-c ;.i::.d .sequence vvii! undui . ::i covalent coupUng reactioni 
with ;m activated estfi;r oiich a NOS ester ro prcv^l:- amide linking group. 
Simi'r' ::.ctivated esters such p -]^it:;opheriyl and rcn^:.^^:.:?:;'ophenyl esters would also 
provide nmide lirks when reacted with amine grou:: . Those skilled in the art woiild 
al£ 

'30 'tbi>: 
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sulfonate esters, sucl v.^- w.t^yloX^, tosylate and n' ^^yiaic, ^;acb of widen could serve as 
the thenriochemican y ':; utive group. 

In another < xan:;,;. , i-, the nucleic acid s e.q\i^io;c?: can be dorivjjLti;i:sd v/ith a 
sulfhydryi group usk;; r ;^'iij:dquei well known i.:. ihe ^cX The corrsi:pond>ng 
thermochemically vce . . i . -r group would be, for ?:xamcie, a malcinriide rir.g structure or 
an a-iodoacetamide. .hi : i r^sr of these structures would react readily to provide a 
covalent linkage wr:i in::. :?ulfiiydryl derivatizsd nuo'cjic ^icrd sequence. 

The functioTicv polymers of this inveniion can be prepared by appropriate 
derivatization of apn. fr; r iea poiyiner or^ mnxG ]r:e:ceraoiy. by po]\Tneri/::aTion of a set 
of comonomers to g- ■ desired substitution p^i.ttern. The latter approach is 
preferred because of h v rase of changing thf^ ratio or ihe various coironomers and by 
the ability to controi ; {.;vsj of incorporation ini.o the polymer. A coi'ni)ination of 
these two approachf^n also be used to provide liptixuai structures. 

In a preferrec: rjciimenc, lor instance, riioriomers iu e prepared having a 
polymerizable group at le end of the molecule, saparaied by a spacer gi oup from a 
photoreactive or ther.rc:-isirucally reactive grovip u .ne other end. For example, 
polymerizable vinyl such as acrylamides, acry^ates, or niaieimides can be 

coupled througli a y^iOj ydrocaroon spacer to an activated eater ^-ucli as a NOS ester 
or to a photoreactive j . p such as a substituted ben^ophenone. Thesa compounds 
can be prepared anc piv, ; using organic syntbosis tc-ctaiiques wdi known to those 
skilled in the art. S ;: fiie ji desired monomers ai' c comnierciaily available, such as 
MAPTAC, N-[3-(G4rrieu:iylamino)propyi]inetLnac'ryl;unidc (DxVL^PMa), and N-(3-\ 
aininopropyl)methac : V r . ixide hyiirochloride (A fi^'N^A;^ these oompcurids* proNdding - 
quaternary ammonii.ji, : - ternary amines, and priir-ary aminea respectively along 
thebacldsone of the p ' y ricr. 

Polymers a::r ■ • .^l.^/inerfv can be prepcrcij :!i*o-n the abovr; iTiononiers as well,' 
using techniques krc- r ::o those skilled in th*:^ av:. Pr^iferably, these monomers and 
copolymers imdergo tr^:-: radical polymerization if vwvyl jgroups urnng azo initiators 
such as 2,2*-azobisi-vobi vyrorjtri!s (.AIBN) orpero:ddc3 such as berizpyl peroxide; , 
The monomers selec.?/ : ; - or tho polvmerization are chosen based ou the nature of the 
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final pol>iner product. For example, a photoreacdv polymer containing a NOS 
grcuT5 is ^irepared from a rrc-nomer containing the p active group and a second 
mcrtorner contairing thf. 2.c/i;.va ted NOS ester. 

The compositicn of the final polymer csr. b:„ :c; :L»:oiled by mole ratio of the 

5 nicncmers charged to the pf^iNT-aeiization reaction. ' • yr. ically these fiinctionalized 
moaomerc are us^^d at ruiuti vely low mole pf^rcenta .' r:-; r. Fthe total monomer content 
of the polymeriz'tition rea;:ti:?n with the reinjunder o. rhe composition consisting of a 
monornex which is neither phctorssictive no: themic .hr.rri\cally reactive toward the 
nucleic acid secuence. E:K.a:nples of such monome:.. ra:!ude, but are not limited to, 

10 aciy :ax:ni le and N-viuylpyrfoiidons. Bailed on the ' :: nhve reactivities of the 

mcnorricrs used, ths distribiiUon of the monomen; a'-n^^i the backbone is largely . 
random. 

In some cases, rht ilitrrmocJiemically reactivi: ^itoap on the backbone of the 
polymer can it$elf act a \:oi>n:iieiizable monome; ; • . vT'Ti^sent during polymerization, 
15 thu5 requiring the inrroduction of that g^oup in a sec step following the initial 
forrrnt^.on of the pohn-^er. For example, the prepar;: ior of a photoreactive polymer 
having maleimi.de along Hi ! backbone can be accon: :t .isiied by an initial preparation 
of a irolymer containing bcih photoreactive groups v:nc limine groups using the 
techiiiqnes described nhove. foilov^'ed by reaction c :• y r. amine groups with a 
20 heterobifuTiCcional inolecair. containing a nialerniid v- f ;roup and an isocyanate 
ccra:c^cved by a short Irydr r t arboxi spacer. A wide r-i i'i- .y of such polymer 
modincatioii techaioiics are available usix-g typica) o"ir;^:nic reactions known to those 
skiJled in the ai-; ■ - • ^- /vv: v' 

Th.e in v'eanoii will ht; i'nrther described witi*. : vj .creuce to the following non- 
25 limi'cixig Examples. It will be ajmarent to those ski/: ' • " \:\ the art that many changes, can 
be made in the embodir:ie:U^ described without de* . \. ^^n: f/om the scope of the " ^ 
present ir^ve^tioh. Tbu^ ih ; scope of the presen;^ irv :: ivjon should not be limited to the 
ernbjdiriurits described 112 ibis applicaiion, but on5 v by embodiments described by the 
iaiigajVee of \he claims iincl v ie ^iquivalents of th^^ :- . odimehts.'- Unless otherwise 
30 ; iud\i!^^^{^i:2-^ 
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identified througho a E u:^'-: Bxaraples can be foiu d io Tabie 13 incluaed oelow. NMR 
analyses were run ou a 6 !; Mhz spectrometer uni^-r^r. oUiervvise stated. 

exa:wplhs 

- Example i 

4-Benzoyiben2c: ; acid (BBA), 1.0 kg (4 42 mol^s), was added to a dry 5 liter 
Morton flask equippeci lia reflux condex?jser -dnd ovemeaa stirrer, foJiov/ed by the 
addition of 645 ml {EM noles) of tlnonyl chionde and 725 of Toluene, 
Dimethyiformamic?;, ( li, was then added md liie niixlure was heaiecl at reflux for 
4 hours. Ailer coo^JJ.■^^ \ e i^oiveats were reir:a>-ec under retraced pressure end the 
residual thionyl chioii i vn-as; removed by three evaporations using 3 x 500 mi of 
toluene. The producv a s recrystaliized from 1 :4 roluene : hexane to give 988 g (91 
% yield) after drying iv- a vacuum oven. Prcdiicr i:aeiting point was Nuclear 
magnetic resonance J:) aiiaiysis at SO lAiriz ; H l^^MR (CDCij)) was consistent 
with the desired prodc :i aromatic protons 7.iO"b.25 (m^ SHTi- All chemical shift 
values are in ppm dcvi- ii v Id from a tstranieti-iyiijuaiic internal standaid. The final 
compound was scoretl fr.- uss in the preparation of a laionomer used in tine synthesis of 
photoactivatable poiyriix re* as described, for instance, in Example 3. 

Exainpii; "J. 
Preparation o ( rU - Armm^px^^ 

A solution of I.: >• liaminopropane, 1910 g {2:>/;7 rnojes), in iOOO mi of 
CHjClj was added to i . : liter Morton tlask and coo.ied on an ice bath. A solution of ■ 
t-butyl phenyl carbona* r.. HJOO g (5.15 molesj, in 250 rni of CHjCl, was then added V= 
dropwise at a rate wd tiJ iiept the reaction temperatiuc belov/ 1 S^'C. Following the 
addition, the mixtui a w'l- - wanned to room temperature and stirred 2 hours. The 
reaction mixture ^cs di ; ; .::sd with 900 ml of CH^CI- and 500 g of ice, fDllowed by the 
slow addition of 2500 ir- 1 of 2.2 N NaOH. After testing to iiisure the solution was ' 
basic, the product v, ?is t, =iisferrecl to 
removed and set aside i o ibTctract #L 



3 a ser axatorv fimnel and tJie organic layer was ^^-z^'^^.^^^p^ 
. The aqueous v/iiii then extracted with 3 X 1250 is^;;.: : -'^4i^k 
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mi of CHaCU, keeping <^^ch o^itraction as a sc;para:.e n^iovJon. The four organic 
extracts wsre t]\en washed s::.cc«oS:ively v;ith a tiiEg! e \:2^0 ml portion of 0.6 N NaCWH 
begin.r.iag with fraction ?il auu proceedixig tluough v;n:>r. #4, This weish procedure 
was repeated a second t;me '^'/ith a fresh 1250 ml poi = -ii cf 0.6NNaOH. The organic 
5 extracts wer^ then comV i n:^'l and diied over Wa^SO. i : itiation and evaporation of 
solvent to a cons tant w iigul :uve 825 g of N-mono-; OC-i,3-diaminopropane which 
was lifted without fiirther pnrlRcjitionu 

A solution or.metl-:ac:i ylic I'Xihydricle, 306 g f ? "coles), in 1020 ml of CHClj 
wa5; :vlaced in a 12 liter Kori:^^ flssk equipp:^d *with • ^ i-raead stirrer and cooled on an 
10 ice bv^th. Phfinoihiazine, 60 was added as an its . Hex ^ followed by the dropwise 
addiixo:-. of N-mcno-t-BOC^ ; ,3-di:iminopropane, ; {4.73 moles), in 825 ml of 
CHC;i V The rate cf adduiaii vvas connxried to keep . -c^ction temperature below 
10**C at all t^mes After the wdditioTi ws5 conTplete, ; : ice bath was removed and the 
mixture was left t:o stir o v?:rrti ghi. The product wjis • uv • ed with 2400 ml of water and 
15 transfeired to a sepsratc n^ f r.nnel. After thoiough i ?! the aqueous layer was' ■ 

ren:.cvr;d and the organic Jarr^r was washed with 240v mX of 2 N NaOH, insuring that 
the 3.i:iueoiu. layer was h^^iz, Tht^ organic layer v/a: ;;':vr: dried over Na2S04 and 
filtered TO remove dr>nn e ai::-:.r:t. A oortion of the CP . . 1 ^:olvent was rraioved under 
reduced pressure until thf; cc nibined weight of the c a •;t and solvent was 
20 approxioatdy 3000 g. fhe def^ired product svas ihe: t-c^pitated by slow addition of 
1 1 .0 ihers of hexane to a:.e iiAved CHCl. solution, ix-/ov;ed by overnight storage at 
4*'C. Tlie prodtici Vvas ii^c luied by £Itralion and irxr was rinsed twice with a 
solvenv: cornbmaaor. of ^00 uil of hexane iuid 150 : of CHCI3. Thorougji drying of . 
tl?-e solid gavf-j 900 g o^:s-i^i '-(t-butyloxycaibonyl; ■ i.uiiiiopropyl]-methacrylanude, 
25 m,p, 85,8*^0 by DSC. Aaalyris on an NMR spcaxcyx-: :\ si: was consistent with the^;; 
d.^sir«d producr H:^'R. (f.:-OCK) amide NH's 630- M 4.55-5.10 (m, 2H), vmyl 
protons 5.65, 5.20 (m, i^^t:)>^ione5 adji^rent to Z-90-3.45 (m, 4li), methyl 1.95 

K rerf^aiidn;:: n-i^mvlcL.^ .50-1.90 (m, 2H). -fQiyl lAO (s, 9H), 
A S -neck', 2' liic: i-o iVid bottom flask vv^s ^rc;;; . ;;pec"with an overhead stirrer smd :;^^ 



^S^^^^:'^'. • • • . ■ • . ' ....... ....... ^ . , 

^li^fsm^ . • ■ ....... •.\r'^&^-v/: ■ • : . • /^^y.:: ^-m^B 
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- While stirring, HCl ^rjs. '::zs bubbled into Trie i?oiv ?;n1 u ^ rate cf spproirD^ately 5 
hters/minute for a tctai .'f 40 minutes, Jh^ moi^r -ty of the i^nsl B'CVM.dl>Fi solution 
was determined to b:- h i -VJ by titration With 1 f * HaOH irsmg prienoipritheiein as an 
indicator. TheN-[i^' :"b>;ty]oxy 900 g 

5 (3.71 moles), was ^aidi. :^ io a 5 iher Morten fia:^?:^ oq^iipped witli an overnead stirrer 
and gas outlet adapter, i • iilowed by the addition ol' i 1 50 ml of methanol solvent. 
Some soiids remained i r the flas k with this Foivont A'oluTne. Phencthia/JiMe, 30 mg, 
was added as an inh:advr;r, followed by the. addi ion of 655 ml (5.57 moies ) of the 8.5 
M HCL'MeOH solutioj v The solids slowiy dissolved with the evolution of gas but the 
10 reaction was not exo 'bt - inic. The mixmre was .stirred oveniigbi at room temperature 
to insure complete reac: on. Any soilds wf^n; ih^^n removed by fili;rati<>r! and an 
additional 30 mg of nh . lothiaziae were added. X he solvent was then scripped under 
reduced pressure an .1 x:i\- resuitir)g solid resid;je was air^sotrojjed with 3 X 1000 ml of 
isopropanol with evayjcvrarion under reduced pre;55ure. Finally, the product was 
15 dissolved in 2000 ml o.i lefluxing isopropanol aiKi 40U0 mi or ethyl iicetate were 

added slowly witli sun ;iig. Tne mixture was aliowec to cool slov/iy and v/as stored at 
4^C ovemigiht. Con: ]: o ;.nd li w:xs isolated by liliration and was dried to constant 
weight, giving a yltxa . f 630 g '.vidi a mejUiig point of 124.7''C by DSC. .^jcialysis on 
an NMR spectrometer ■■■■■■ as consistent with ibis d esirea product: 'H i'^JMIl (DjO) vinyl 
20 protons 5.60, 5.30 (ui, mciiiyime adjaccirii lO aaade N 3,30 (l, 2K), insthylene 
adjacent to amine N 2. j 3 (t, 2H), rneihyi 130 3F0, and remaiaing meih>lene 1,65 
2.10 (m, 2H). The . i ;;CiTLpound was SvOrsd for use in the preparation of a 
monomer used in tlu* v; /irhesis of photoactiva table polymers as described, for 
instance, in Example r 
25 Examples 

Compound IT ! .:0 g (0.672 moles), prepared according to the general method, 
described in Exampiv . / , was added to a dry 2 liter, three-neck round bottom flask 
30.. equipped with an c'.':r.. i-sd stirrer, PhenothisrJn :-:, 23-25 mg, >yas added as an v';' 
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ir-hibitc>r follo\s^ed by SCO rn; of chi ore form. \?^nsicn was cooled below 10**C 

on an ice bath, and 172.:: \i (t', .7G5 moles) of Compo-.::Va prepared according to the 
general me-Jiod flescn'*K:^d v:^ iix^miple 1 . were added ^-i;? ? i^oiid; Triethylamine, 207 ml 
(1 .485 moles), in S\) m"i of ^•>]orofo^m v/as trien ?.dn : ■■ riropwise over a 1-1.5 hour 

5 time period. The ics bvith v/as r?inoved and stirring av;;bient temperature was 

contin'Lieci for 2,5 hovirs. The product was then wasL; s"^. with 600 ml of 0.3 N HCl and 
2 X 300 n\i of 0.07 N HC!. A fter drying over sodnn ; iate, the chloroform was 
reiijoved ua/f er reduced prussunj and the product wa ; ^rrystallized twice from 4:1 
tcli^ene : chbrofortn I'^in.^? 7: :^-25 mg of phenothia?;i .r. . '5ach recrystallization to 

10 -yc:sv:-:A polymcrizatio:;-^. Tv-: iciil yields of Compon ; d 'H': were 90% with a melting 
pomi of 147-1 5 1 TJ. Ar :^Jyris on an NMR spectrorn i er .s'as consistent with the 
desired product: 'H NMR (CDCl,) aromatic protori.s = 0-7.95 (m, 9H), amide NH; 
6,55 (b-oad IP), vim': pic :ot.5 5,55, 5,25 fm. 2H;. T-r^vylene adjacent to amideN's 
3-20-3.60 (m. 4K). mctbyl 3 95 (s, 3H), and rema^nn nethylene T.50-2.00 (m, 2H). 

15 Thr, fmal ccmpciind v/au 'vfr r ed for use in the syritij \^ cif pliotoactivatable polymers 
as described, for ir^stan^-e. in Examples 9-11. 

HKainnle4 

?!^sp.&nt;ion om:^5:i';^^^ .; lo^g. AT.-EAC-NQS) 

llCQrnjiaiindjV} 

20 A ilLuciit-Mialize i rri:;noai.Oi was prepared in ; i xiLiOwing manner, and was 

used deiicribed in Lxainoies 9 and 12 to iatioduc: ...--tivatcd ester groups on the 
bacicDone of a t/olymer/ ^-•/'jr;i:iohexanoic ;^cid, IG ; g [0J62 moles), was dissolved,. 
in 3C0 nil of accdc aciu ij] a I'xcj^^-neck. 3 h -er fi^s^: ::cu.(pped with an overhead stir^ . , ^'^ 
ana drying labe. Male: c 3. L>;ytiride, 78.5 g i0.8G\ )?; was dissolved in 200 ml of ' \. 
25 acet-c ac-d and added to tbe 5-a;iunohexaaoic acnl -i J.iun. The mixture was sthred , , 

oi:chou-v7hi]i%:-;earin.r: on 5 boafni^ v/fiterrbath, n^s:. in the fomiation of a white -.^ 
' " so;iri. /i.-(l.::r coi5Ung c v eT;aii:.ht it room lempera^ur:. "^^v icolid was collected by 

• l?-5:d 5n £;::d ^iru ::ci w:';^\ 2x50 n?l of hejcaiis. Af dryidg. the typical yield of the ' " 
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production NMR (liTv i *; J-dj aiiiide proton h.6ll . ;.05 (m, IH), vinyl -protons 6,10, 
630 (d, 2H), melhyjc:.'-; ^ajac-.sni to nitrogw.. 2.85-5.2:. (m, 2U), metmaene adjacent to 
carbonyl 2.15 (t, 2B ;- ^i:; remainjng metliylcnes 1 ,00 -1.75 (m, 6H). 

(Z)-4-Oxc-o-a;/:;i .-imdecerdioic acid, 150 0 g (0.6Si4 moies), ar:t?-;ic 
5 anhydride, 68 mi (73. 5 ; , 0.721 raolcis), md plui/:cthi::zin^, 500 nn\, w^?ie added to a 2 
liter three-neck rounc Ik ' torn flask equipped wilh an overhead stirrer. Triethylamine, 
91 ml (0.653 moles), ar .> 600 ml of THF were addid nnd ths mixnite was heated to 
reflux while stirring. .A :'ier a loial of 4 hou3*s of r'^'fiax, the dark mixxure was cooled to 
<60®C and poured iiivc iioiuxion of 250 ml of 12 N liCi in 3 liters of vvatei . The 
10 mixture was stirred 3 urs at room remperalurs ii; id ;hen was tikered t brough a 

filtration pad (Ceiitc .^4: , ]\T. Bi-kci, Jackson, Ih^] to r^mcr/::. nohds. The rUtrate was 
extracted with 4 x 5D0 )::d of chloroform and the combined extracts were dried over 
sodium sulfate. Aicer Jing 15 mg of phenofo^ 

solvent was removea u . - ier reduced presse s. Thu 6 inaieirAidohexanoic acid was 

15 recrystallized from i: . r extme : cniorofonn lo give t>picai yields of 76-S3 g (55-60%) 
with a melting poinx :> i -85' C. Analysis on a WMR speedometer was consistent 
with the desired produci 'H l^IR (CDCIO majcdniide protons 6.55 (s, 2H), 
methylene adjacent ^ • ; rnrogen 3,40 (t, 2H), raetliyiene adjacent to carbonyl 2.30 (t, 
2H), and remaining rrri^l ' vienes 1.0 

20 The 6-maleimu': . hexanoic acid, 20.0 g (94.7 nnncl). was dissolved in 100 ml 

of chloroform under , ; igon acniospliere, fcilov/'^d by die addition of 4i ml (0.47 
mol) of oxalyl chloiid': After stiiring for 2 hour s at room temperature, the solvent 
was removed under rediiced pressure with 4 x 21 xm of addidonal chloroiomi used to 
remove the last of tlii; <t Vw^ss oxaiyi cliloride. Tne itcid chloride was dissolved in 100 

25 ml of chloroform, foHo'/ed by the addition of 12 g (0.104 mol) of N- 

hydroxysuccinimide nu i 16 ml (0. 114 mol) of tri c:h\'lamiiifi. After stirring overnight 
at room temperature, ii l :- product was washed wiii 4 x 1 00 ml of water jmd dried over 
sodium sulfate. Ren^ ^ v :i of solvent gave 24 g of product (82%) which was used 
without further purincarlon. Analysis on an NMR spectrometer was consistent with : 

30 : the desired product: '11 S^iR (CDCI3) mateimid^j pfo^^ 6.60 (s, 2H), methylCTe . .. 
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adjacent to rii trogen 3.4:^ (L 2H), succinitnidyl pro':rr : :.':i;0 (s, 4H), methylene 
atljac^iit U) cjiiboYiyi 2 5:; i\ 2H). ;uid remaining ;:jic; ;/ -i?s 1.15-2.00 (m, 6H). The 
final ovrapounci was sioveci i? =e in tlie iynthesi^ c ! p -oioactivatable polymers as 
. described, for insLance, in E:i:iiriples 9 and 12. 

Exainpie 5 

Preparation of]\-Sucou:iivmciyL 6-Met bacrvlaiiV';-^ fMA-BAC-NOS) 

CCompiriinAY;! 

A fiincticoa}!7i^M\ rruu-onnr was prepared in f" v: 'iiJcwing manner, and was 
used a:s dsscribsd ir* Erra-r;;: 1 1 to introduce: act' vii- d -tj^er groups on the backbone 
of iLtrolyTn^?!, 6"Arr]iiicofi^ ';oic e-cid, 4.00 g (30.5 r- ;: nv-";. was placed in a dry round 
bottom ;^ask equipped '.vitb r drying tubs. I/Tethacri ic -i'lbydride, 5.16 g ( 33.5 
mmcl), wa^ then added and tVie mixture was stiTTcc. :: Aor.rn temperature for four 
hours. The resuldng fnxck oil was triturated three t.-ri:i= ^ with hexane and the 
remaining oil v>^as dissoiven in chloroform, fbllo'^vec oy crying over sodium sulfate. 
After filrration a^ul evopotsifuini, a portion of the pre;: ;v;;. was purified by silica gel ; . 
fl;^j::b vViromatoaraphy usin^^ a 10% methane i in chh:-i :: orm solvent system. The 
apnropriate fractions w^rt: v-rrimbined, 1 mg of pheno '-yy^j^ne was added, and the 
solvent was removed ui ider reduced pressure. Aiicu;- sii on an NMR spectrometer was 
consistent with the desi: cd pToducf.: 'H NMR (CDC > ) o.vrboxylic acid proton 7.80- 
8.20 (b. !H), amide pro-on :;.S0'(i.25 (b. IH), vinyl .ai:C'0.s 5.20 and 5.50 (m, 2H), 
raeihy -eitLe uc^acart to i;-.tiG^;c^n 3,00-3.45 (rn, 2H), .o .:;^oyl3ne adjacent to caibonyl 
2 30 i^, 2H). methvi group ! .95 on. 3H\ and remaAM ; :•; laediylenes 1.10-1.90 (m, :; 
6xi), I ■ . . 

6-Methaci-ylam}.dohe;x2noic acid, 3X3 g f 1 i . ::V:vnol), was dissolved in 30 ml 
of d:y chlcrofor:^, by the a.dd;t;on of 1,9': ; l:*;.7 mmol) of N- 

hydroxysucc;nimide ar.;i 6.26 i- (30.4 rnrnori of 1/3- ::i:;yclohexylcarbodiiniide. The 
reaction ^V3s slnroii undi;r a dry atmosphere ovct;: r: . . .:*Jom tOTiperature. The solid 
^va-' 'h?Ti romov^-c by Vtin ••c:a ^i^d a pcsruon was: p'.;. by silica gel flash 
- ' chiovna .cgraphy Korr-ViCv;!: irapuiitiea \vere remc-A- .i. ising a chloroform solvent, 
ibiiowed by eluiian. of desired product Ti^-iiig a ■ vi-";v. ^ea-ahydrofuran m chloroforin" 
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solvent. The appronnMi : fractions v/ere pcoied, 0.2 rag of pb^iiotimzLZHt were added, 
and the solvent ^va£: ev;:v. - traled under reduc^ed p.t'".t:!.iure. This prGduct, containing 
small amounts of yciohexyiijtrea as m iinuiur ty, was u.sed svii'rcut furdier 
pmification. Anaij';?iL< -j-- NMR spectix).aier.er v«.";r> c<msl«ieirt with me desired 
product: NM.R (C'DC -j; aixiido proton 5.6G-6.:i 0 {b. IH), vinyl prci';c);i& .5.20 and 
5.50 (m, 2H), methyicr. : ?.diacent to nitrogen 3,(}5 "::^40 (tt., 2K), succininriiayl protons 
2.80. (s, 4H), methyknt:: ■ djacent to carbonyl 2.:\ » /n), nieihyi 3 .90 (n, 3Hy, and 
remaining methyieiic;: ; 10- L90 (m, 6H). Tbc final compound vms storfal for use in 
the synthesis of phci(:5a: r/fitabie poijnners as de:vcn.bed, for instai^ice, in Example 11. 

Examp;f: 0 

Preparation of 4 fJr omoniethvlbenzophe noTie ( BM£;P >f Compound VP 
4-Methylbenzor ^eaone, 750 g (3.S2 moit^s), was added to a 5 iixer Morton 
flask equipped with an M'srhead stirrer and dissolved in 2S50 mi of benzene. The 
solution was then he.;iitt ■ io refiux, foiiowed by vhe dropwise addition of 610 g (3.82 
moles) of bromine in 3':A' ml of benzene. Tne addition rate was approximately i.5 
ml/min and the flask, v■;^ : jilumir.ated witli a 90 v/atc \ 90 joule/sec) halogen spotlight 
to initiate the reacticr; . limer was used ciit; iaiup to provide a iO% duty cycle 
(on 5 seconds, off 40 .se onds), loliowed in one hour oy a 20% auty cycle ton 10 
seconds, off 40 secoi:*;ii At the end of the addition, the product was iuialyzed by gas 
chromatography and v/ : ibund lo contain 71% ox u):; desired Cor-ipoond Vi, 8% of 
the dibromo produci. aau 20% unreacted 4-meihylbeiizophenone. Alter cooling, the 
reaction mixture was v/ : i;hed with 1 0 g of scci r.LLrn bi;.-ulfite in iOO mi of water, . • : ■ ; 
followed by wasning ; h 3 x 2CtO ml of water, i lie procuci wts dnea over sodiima . 
sulfate and recrysta- lizt: iv/ice irom 1:3 toluene ; hexane. After dr>^ing under 
vacuum, 635 g of C<iyi ;:^ouud VI were isolated, providing a yield of 60% and having a 
meltingpoint of 112-; • Analysis on an >r^'lR spectrometer v^as consistent with 
the desired product: M ):-MK (CDCI3) aromatic protons 7.20-7.80 (m, 9H) and 
benzyUc protons 4,44 ('-;, 2H). The final compound v/as stored for use in the 
preparation of a pho *cc;r vatablc chain transfer agcnl as described in Example 7. 
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S^S-DLwdroxybcnzoic acirj, 46.2 g (0 30 mr.V: w^;^^ weighed into a 250 ml 
flask equipped wftls a Scrihlct ex;i'a::tor and nonde!i: ii^thanol, 48.6 ml, and 
concentrated .sulfi^ric acid, O.S i\:d, were added to the^ 'laK-r md 48 g of 3AmolecuIar 
sieves ^^ ere placed in tbc: : >;hlet extrac tor, '^h? e>:v. ; c - v/as filled with methanol 
and the rj'^ixlure was he^ :e(3 i:a reflux overuight. Ga. ^i;:.n*ato graphic analysis of the 
resulting product r;hovved a 9S% conversion to the de rie ^ methyl ester. The solvent 

i ;i.:xiOved under reducLC rre- sure to give appvoxv uaiv-Iy 59 g of crude product. ■ 
The product wa;5 unec iz. :':bl!owing step withor:! .' lir- ^^v purification. A small 
sample was previously pui-i^b-d for l^TMR. analysis. re^Uitiiig in a spectrum consistent 
with the dertiied "rctiucT.: 'H >]MR (DMSO-d,) arcur atic protons 6.75 (d, 2H) and 6.38 
(L IH), and metliyl ester 3 . 75 (s, 3^). 

The entire metb> l e?ter product from abo\'e v^^as d laced in a 2 liter flask with 
sn overhead stirr^jr 2x^6 coAuletiser, followed by the i-cyiiw^:! of 173.25 g (0.63 mol) of 
Compouid VI. prepared ?r:c::>rduig to the general thod described in Example 6, 207 
g (i .50 mcj) of porassiirn c^irbonate^, and 1200 mi ci"ac:;::one. The resulting mixture 
wa^ rheu reL:uxi:(i cveiri g:';= i^v- complet:^ reaction a:; Ifidicated by thin layer 
chroxT^atogratihy ( TLC'). 'IV: r= sclidi; were rertioved y j^Un^on and the acetone was 
evapcia-c;d iindr^r redncr;i tr.:;^::- .ivci to give 49 g o: crud^; ; toduct. The solids were';. .. 
diluted v/it}:i 1 liter of 'Vfiicr and sx'racted with -3 I lit':r.'- of chloroform. The extracts 
^^"cie ooribined vAth tlie s ^t^om". soluble frydion -arid dd- 0 over sodiinn sulfate, V' 
yieldia^ 1 77 g of r:;rudf; j> ! tci . Tlie product ws.:. i ccrj sullized fix>m acetonitrile to 
gi's e ^ 50.2 a oV a vvhitt ioh-: . a 90% yield fov the d: st t -vo steps, Meltinjg point of the 
produce was 131.5''C (E 3' '*) tvud ai-^alysis er. ;m ^S^^:R f p^:cirometer was coiisistent ' 
wiih int. dssirec pioriuc^: :SJ^::R (CDCIO :rvoniati:j pro:i.ms 7.25-7,80 (m, 18H), 7.15 
(d. 2UX £nd ri.70 i t, IH}. beuzylic orotons 5.05 (s, rrnd niethyl ester 3.85 (s, 3H). 



- rht Inethv! :K^"bi;';' 4"bei:zoylbfeiizv{oxv)'D€nzoa:o; 60.05 gtO'-lOS niol), was'i^i^.^p^ 
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methanol, and 6.48 g 'y moi) of sodium hydroxide. Ibc raixrure was heated at 
reflux for three homy. i.o . rmLpiete hydrolysis <diu^ osler. Af;er cooliii.g, in.e memanol 
was removed uncer v::du:/rd pressure <tad the sex: -i-n i^alt of ihe adc '\;viis di;5solved in 
2400 ml of warm wiae; . Fhi; a&ia was precipuar^^c fii^i>:g concentrated hydrochlonc 
acid, -filtered, washer^ v: water, and ririe(i in ;i v.v^- -uiri oven ic gr/e ;58. 2 g of a white 
solid (99% yield). Melr- -g point on ths product vYi!:^ 15-3.3 'C (DSC) and analysis on 
an NMR spectrome;er consilient with xv^ desired urodiaM; B. -nMR (DMSO-dJ 
aromatic protons 73C (m, 7. IS (d, 7B), md 6.90 (t:. IB), -^nd oenzylic 

protons 5,22 (s, 4H: 

The 3,5-bis(4"-b;;:i .?cyibe]D:i:yloxy)lieii:juic 20.0 g (36.S6 m^ioi), was 
added to a250 ml fif'.^i::, •hlk'wedby 36 mi cl !o-i;u:MO, m\ (74.0 nimoi) of thionyl 
chloride, and 28 jxi o/K, s-dAmeihylforniaTrud^. iht rraxturc was refraxecl for four 
hours to form the ac^xl oride. After cooUng, tne soivent and excess ibjonyl chloride 
were removed under /e<:. : ed pressure. Residuai "xjicri/i chlonde was removed by 
four additional evapo -is using 20 ml of aaicoirrn eacn. The cvmIq material was 
recrystallized from to-iu;: lo give liS.45 g of prclMci, an ^9% yieid. Ivlelrmg point 
on the product was i 2\::,y C (DSC) and anaiyt-is on an NMjH specti"ometer was 
consistent with the d^5sx-: i product: 'H NiSlR {CDC;.j ) aromatic protons 7.30-7.80 (m, 
18H), 7.25 (d, 2H), anci o.85 (t. IH), and benr^ykc protons 5.10 (s, 4H), 

The 2-aminoeai'i- ieikuol hydi-ochloride, 4. 1 9 g (36,7 nnnol), was added to a 
250 ml flask equippe::^ *.v jii an overhead stirrer, foiiovv'ed Dy j 5 mi of chloroform and 
1 0.64 nil (76.5 inmoi j or triethyiaminc. After cooJmg the amme saludou on an ice 
bath, a solution of 33-D^i(^^•-be^^oylbenzyioxy)bi^.:V/:c>yi chlonde, 18.4 g ^32.8 nunol), 
in 50 ml of chlorofoim \v as added dropwise over a jO minuie period. Cooung on ice ■ 
was continued 30 rn-nu :;; followed by warming to room temperature for two hoiurs. 
The ijroduct was diiuicc: v/ith 1 50 ml of chlorofbnn and washed with 5 x 250 ml of 
0.1 N hydrochloric adc. Tlie product was dried over sodium suifote and recrystallized 
twice from 15:1 ioliit- ie . Lcxane to give g ct prtMUict; a 67% yield. Melting 
point on the product w 1 i 5 .9°C (DSG) an6 analysia on lu). NMR spectiometer was 
consistent with tlie dr::>i; :u product.: 'K NMpJ(TM^O^ aromatic pTOlons 7.20-7.80 r 
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(m, 18H), 6.98 (d, 2H), and 6.65 (t, IH), amide NK 6.55 ibroad t, IH), benzylic 
protons 5.10 (s, -H), lu:: tryiene adjacent t: amide K 3.: 2 (q, 2H), methylene adjacent 
to SK 2.1 0 (q, 2H). a;id SH i ,38 (t, IH). Tli^^ fmal oompnand was stored for use as a 
chrdn tijmsfer agent in ttu hy^ixheais; of photoacuvs-able ::*oiyiiiers as described, for 
instance, ht Exaaipid J i'. '\ "'■ ' ■ 

Example S 

Eiejim:gtioil of HzSy cc jBUDl dyil 1 -r4-Beti?:ovlbpr? H -Aundecanoate fBBA-ATID- 

I:[OSX(CoTnj>ou-d_y[n) 



10 CD:*rrpoiind i (50 f;. 0.204 moY), preprxred '0:xl ':^g to tlie general method 

described iaExarnnie L v-ni^^ dissol ved in 2.509 rrA cf chloroform, followed by the 
addition of a solution OkA.: . \ e ^0.214 riol) of 1 1 -trnin : .indecanoic acid and 60.0 g 
(1 .5 mol) of sodium hydro:;:ide ':n 1500 ml of v/ater. Th: mixture was stirred 
vigcrousiy for one bouv id a 5 lUer Morton fiask: to 'r^svxt thorough mixing of the two 

15 layers. The mixuire was ac idified with 250 ml of ccincerilTated hydrochloric acid and 
siirred an rdditiona* 30 iriir.^tes.. The organic layer wa*"- ireparated and the aqueous 
was extracted with 3 x 500 ral of chloroform. The combined organic extracts were 
dried over sodir m sulftte, fi = tered, and evaporated to gA i:: a solid. The product was 
recrystallized from toluene 10 give 68.37 g (82 %) of 11 -(4- . 

20 benmy'ibenzaiTddojuridecajioic acid with a ry\tiiw\g .aoiiu of 107-109**C. Analysis on 
an NMR. spectro-.:uOter -.vai- -:;;n.sistent v/it?! ihe desi.rad }v'oduct: 'H NMR (CDCI3) 
aromatic pro tons 7.2*w-7.£(j 9K), arnide NK 6.30 (broad t, IH), methylene adjjacent 
to amide In 335 ( m, 2"ii),. r jeihylene adjacent to cav DoriV> 2.25 (t, 2H), and remaining 
methylene3 1.00-1.80 (rx V5H). - ; : ; . ' 

25 The 1 1 -(4-berizoyibi;nzamido)i»iidecanoic acid, 60.0 g (0.146 mol), was ■ 

dissolved ^ith vrutnin^ \t\ 1200 ird of aiihvdro\i^; L4-d.: v;:^u>e in an oven-dried 2000 
m]fl.35k, Afterco:^lingtO'*cotn teatperanirf;, r\7 

hydroxysuccinlrni^de i-xd ?.r 2 g f0.161 mo)) of ] ,3 dicyclohexylcarbodiimide were 



30 



added to ■:Y.\^ solvtion <^\6 Xrr niixtarc'was stirred 'err \ under a dry- atmosphere. 7 > v AvS; 
The :vOlid£: were i-ie?Jt rism:^vcd Ivy ftltratibrijl-nrisiiig t^ filler cake^^vith 1,4-dioxfflieC;^ 
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The solvent v/as ilr:::. xv:. ::Ov^a andcr vacuiini and :,he prodViCt: v/a3 rocrystallized twice 
&om ethianol. Aftei ^i-o Migh diying In a v;ic:po:;v oven, 53. ?9 g (7? % y:ield) of a 
white solid were obux; ; wiin inciting poini c. '* !:^7 55"C; i^ialysiS on NMR 
spectrometer was c::;j5i:.:^v-^1 vvitli the desked pni^virv 'K N^^R (C'DCoj) aromatic 
protons 7,20-7.80 {ri, r, anlid^^ Nil 6.25 (bropo i:, IK), nii^thyieus adjacent to amide 
N 3.35 (m, 2H), merry i :;nes on succinimidy] rii^g 2.7:) (s, 4H), methyieiie adjacent to 
carbonyl2.55 (t, 2F0: fsn:ainm,e raethyienesi 1. 00- i 90 (ni, i6H). 

Example 

Preparation o f OyM j.vnierjvr ^rjdain^ Jli^ /! ]sl,^^_ aiifjJAALdSAL JSQS 

Aphotoact:V^u:L:;:a copolymer of the pre&er.i iiweniion was prerpaied m the 
following manner, rv; ; sniide, 4.29S g {60.5 mrnoi), Vvas di£:soived m 57.8 ml of 
tetrahydrofuran (IriF), ' 'ilowed by 0,219 g ( 0.03 minol) oi Coinpound III, prepared 
according to the gent;.-:?.] nethod described in Ex^unpie 3, 0.483 g [1 .51 mmoi) of 
Compound IV, prep^rrrr^ according to the gsmrrJ metnod described in Example 4, 
0,058 ml (0-39 nrnriou cm NVN>N\N'-tetraniethyieihyienediamme (T£MiiD), and 
0.154 g (0.94 mmoi.i c i 1/2. -azobisisobiuyioniti:;!,:^ ^^MBIn). The sokuion was 
deoxygenated witii ii hv: spaige ibr 3 miiiut^^s, iciiowed by an argon sparge for an 
additional 3 minutes, i >a sealed vessel was tfieri heated overnight a: 60'C to 
complete the poiyK ::; ?.;iJ-Vj.on. i he soiid product v-as - solaieii oy iiitration and the 
filter cake was rinsed 'in . : oughiy with IHF ajid CHCu. I^be product was dned in a V 
vacuum oven at 50' C :o grve 5.2>4 g of a while eoiui. XsMR analysis (DMSO-dJ . • 
.confirmed the prest-ric^; :x the NOS group at 2.7.'^ and :iie phoKc group load was' ■■ 
determined to be 0 . 1 1 S nraol BB.Vg of poljan^;r. Tht; M-\L-EAC:-KOS composed 
2.5 mole % of the poiyv;:;^3izable monomers in th:s rcactioTi ;o give Corapound IX-A. 

The above r-.r\:CL.: lare was used to j^rep^rc- ■•! p .>'lymcr having 5 rnolc % 
Conopound IV. Acri'ifiji jde. 3. 849 g (54.1 mrao]), wi%:> disooived in 52.9 ml of THF, 
followed by 0.21 3 g f; 0.6 mmcl) of Compoimd VT, prepared according to the general 
method described in Irlx ..inp]e 3, 0.938 g (3.04; £':iripn of Compound IV, prepared 
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accordir-g to geiier?^) ii^e-bod described in Exairv C.053 ml (0.35 mmol) of 
TRMHD and 0.1 ^2 fC.S6 ^r jinci) of AIBM. The r;: -uU solid, Compound EX-B, 
when isolated as dt;scribv;d a.^o^v-; uEive 4.935 g of produ:./ with a photogroup load of- 
0.101 miiiol BBA/g of pOiy:r:.oi\ 
5 'Ihev above procrd-iriJ v/ar, used to pre.pai'e a r oly= :-r having 10 mole % 

Comtound IV. Acryl&:Tide, 1: g (45.6 .rnnol), v as d>.£oIved in 46,4 ml of THF, 
fbilov^'ed by 0 1 79 g ( 0 ? ' -inrTinO of Compo^ind JJT. x>re ^-\;ec according to the general 
TT.^y^r-^ :!e5cr;b-r in Ev;:'Tnr'] : 5 5'^9 g 12 ^'niDn:) or Compound IV, prepared 
according to thi? j:?r:.ero; n-^ethod described in Exa^q !c 0.047 ml (0.31 mmol) of 

10 TxtMED and 0. 126 g (0 77 nimo:) of AiBN. The r*::?.ulti:a5^ solid, Compound EX-C, 
when isolated as describ-^d V^ove, p.ave 4.75S g of T; ;odi: : i with a photogroup load of 
0.098 mmol BBA/g of polyru^^r 

A procedure siur hr -o the above prGc.edu::e "^vas ur.ed to prepare a polymer 
havii. g 2.5 mole % Cojnipoavui IV and 2 mc^j^ % Co/^r^o r c^ III. Acrjdamide, 16.43 g 

15 (231.5 mmoi>; CompoinKi 511, px^epared according I:; the c frjneral method described in 
T7yo^^r-]e 3, 1 70 }i (4.8:- mrAo})\ Compovnd :1V., prf aircf; according to the general 
method described m Ex:im\)]*i: 4, 1.87 g (6. Of'- mnjr.D; at,d THF (222 ml) were stirred 
in a round bottopi flasT: 'yrx-y argon sparge at rcc;n te::^4>eratu^e for 15 minutes. 
TEMED, 0.24 ml (2.14 -^rn<:d}. and AIBK 0.58 \i (3.51 -nmol), were added to the 

20 reacvnoi:.. i\be rej'cuon vva-; ti rtiiuuxed fo] 4 iici.^:!:; un: cr an atmosphere of argon. 
Tlie issvuUng soiid, Corartiv:::na iy< -D, ^;vlien isolaie;; as e^::5:cribed above, gave 19.4 g 
. ox produci with a pbotc;^vo^.::J load of 0.23 rrirnol BBAJii of polymer, ^y- 

Exari-ple 10 .. . ...v. 

25 t^leiibL^^srylQ^Yi^^^ Photo PA- 

-A. pho-Oi:ctjv^.l.^bk c^^p^ly^njer of th^ pres :>;". i-v- i^ntion was prepared in the. 
folic»v/h]g xahmT:r. Aar/hvr id^, 1 0.68 1 g'(0. 1 50 n-oi), vv^vS dissolved in 150 ml of 
30 ' diriCithyfeiilJoxice (DMSOl •?^no^ved by \y59Z^(v^9 of Compound Ilt^-S' '/ '^J-r, 
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prepared according to die gc^rvaTt.. :method (i.escii' >::'d h\ Example 3, 3.727 g (16.90 
xnmol) of [3-(methac:yloy]aaiinc0propyl]tn^ cxaonde (MAPTAC), 

delivered as 7.08 nil 50% aqueous soludou, l !6b (1.12 ixenci) cfTEMED 
and 0333 g (2.03 mciol) of AIBjn. The soIua^oh k^hb ieoxygenaxed wim a helium 
sparge for 4 minuies, -blb-A ed by an argon ^pax^:^ ^> an adciuonal 4 :ninures. The 
sealed vessel was then heated overnight at SS^'C lo complete the poiymerization. The 
DMSO solution was Ulut'-d with water and di^jy/ed against deioRized water using 
12,000-14,000 mole: iJar veight aUoff tubitiK. '^yc piiilization ci ihe resuJting 
solution gave 14.2 ; j of a v^/hite Holid. NIvtR rviuijysis (D^O) confirmed the presence 
of the methyl groups :>n the qua.ternaiy am rnoni ilt! proaps 3. IG pptn ?nd t^ie 
photogroup load wi:3 detcr-niined be O.lOi miric ^ RBA/g of polymer. The 
Compoimd HI consti rated i moic % of the poiymtJiizabie monomer in this reaction to 
give Compound X- a 

The above p/':n:ed\{re was used to pivpux::: a poiymer iiixwbig 2 mole % of 
Compoimd IQ. Acrviamiae, 10.237 g (0.1^4 rncTu was dissolved in 145 ml of 
DMSO, followed fc} i .i4o ^ (3.i V7 iiimol) of C^;inpi>und ±11. prt;pavt;a accoiding to 
the general method ricscnoecl hi Example 3, 3.8 ^ ^ i 7.24 liiniou ui MAPTAC, 
delivered as 7.23 ml :.f a iO% aqueous soluiiouj u,\C4 ml (1.09 nvmol) of TEMED 
and 0.322 g (1.96 minoY) of /iIBN. Workup as described above gave 12.54 g of 
product (Compound ^h'-B; with a phoiogrcup icsd of i). i 76 tnjrtoi BBA/g of polymer. 

ExatTipJo I ; 

A photoactivatable cdpolyraer of the preseTjt im^entioB was prepared in the ; 
following maimer, ihe water in the commerciaiiy available 50% aq[ueous KoAPTAC 
was removed by axeoiropic distillation with chlo] otoim. Tae aqueous IvLAPTAC 
solution, 20 ml containing 10.8S g of MAPTACja^^^^^^ 20 ml of DMSO. 

and 100 ml of chlorolbrm. This mixturp w||'i^^^ iKjsiyicrMaim^ 
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iiq\rd-licjuid exti actcr conlziy ir-g anliydrous sodkt:::\ iiiiUUe for a total of 80 minutes. 
A slo^v How c?f air *vas m'-b.Ur-f^d durmg the reflux 'c i -3 ^b^t polymerization of the 
iDono^tior, At tbf c^nd or t-:<: veflnx. the excess d)lo:oPy^:'n was removed under 
reduced nxessL^te to ]f i. I>MSO solution of M/0"T v: an approximate 

5 concentration cf 352 niirAf-i' . 

j\jcryh^vAo, 1 .7 :j (2*; .90 irmol); W£i dis^oi .^^^d ^ 5 7.7 ml of 
dim^^hvisuifox^de (D^f.S O). fry iowedby 0.215 g fi; r-14 '::irool) of Compound EI, 
prenarec according to i;l:e cccrerid method described in F:- /^mple 3, 1.93 ml (0.677 g, 
3.06'7 mmoj ) of the abo^-e 1-1AVTAC/UMSO so^uUnn. C. 5\ g (3.068 mmol) of 

10 Ccinc^ovaid V. nrapfired .nc<v:-''l^ ■ if; ro the genernl nv^^'^' o^'' described in Example 5, and 
0.060 g (O.:- 6:5 rnmol) of /u3>N. The solution v/at doo gcnated with a helium sparge 
for 4 niiiautes. ycDowe^l Vr/ iTjjor; sparine for an i.'Ht>' iriv^l 4 minutes. The sealed* 
^'essel -was then hea-e;i ov^ri, gbl at 55"C to romp} -i^' tb - nolymerization. The 
polviner was isolated bv poi Hn^: the reaction raixti^e vdc 600 ml of diethyl ether. 

15 The polids ^vere renarat^id '~ y c 'r^r'tifuginj;^ nr;d die -irod: *^ was washed with 200 ml of 
d:ei:hvl ''^ther and 200 mi o:: chloro.rorm. Evaoorativ p. o : ^^olvent xmder vacuum gave 
3,2"^^ p; c-Ttirodoct with i p;v-:to:o-id of G. i o5 inmo; .^Sr-ye of polymer. 

Example 12 

c:^?pmyiner of j^i^^ N-X?-M^rQ^ptQPthyl)-3 ,5- 

20 ]2isr4Hlisa^oylb^iiZ^ : Mrf oJyNDS) (Comppimd 



A -jihoto^ciJ v^itablv:: -^c/lymsr of u-e pT^^;^er. : Mdion was prepared in the ; 
f:>IiovVkrig miiiui-;-. Aciyx^^ixM^, 3.16 g (44,5 n-mol). '^v^-f dissolved in 45.6 ml of . 
25 tstr3hyuroiniai\, lV>nov/ed 0. g (1 r:m^c-i) of C.045 ml (6.30 mmol) of 
TElv;^"'). C.3';l ^. (0.5 :r:j:i(>f of Couii-o'!:nr VII. p'";-"X- :] according to the general 
met:, jd hi Exfuu] -Je 7, ano 1. .f 39 g (5 mnc'} df Cc^vrK/: :o IV, prepared according to. 
th^! gencvra: n-ve*od ces'.:rib:.io ir Example ^'1. The H-t! 5Vi was deoxygenated with a , 
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The precipitated po5y mer '/as isolated by fil".t a; : i:=n; a«id w-as washed with chlorofonn. 
The final produci v> a-; ci: i;d ic. » vacuum ovexi to proi ide 4,'.-27 g ofpoiyiner having a 
photogroup load of O.di ronioi BB/yg ol'poi>.:a;:: . 

BxaraXii? i.5 



10 
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A photoacxi\ (tah ie copoiynier of tiie prer^M;*: invention wa^; prep?j*ed in the 
following manner. >-[3-i DimeThy]amincOprr>p:/i in^^ 33.93 g (0.2 mol), 

was dissolved in 27.: mi of DMSO, foUowea by i^xo ni3 ol cc:!.centrated HCl and 
6.071 g (17.3 mmof; oi CJorai>ound HI, prcp.ired ? cccvrding \o the gt^x^rai memod 
described in Examp:^: 3. FinaJiy, 0.29 ml (1.95 vntrioVi of TElslED, 0.426 (2.6 mraol) 
of AIBN, and 100 mi cf ^^ ater were added to ihe nrHcuon mixture. The solution was 
deoxygenated witb a iidiviii sparge for 10 AmniiteA and the bsad space \vas then filled 
with argon. The staled vessel was heated ovomuuu i=i 55%'. to coixipleic uie 
polymeri2:ation. 11;? product v/as ihen diaI;v^v;o ^^'.^irist deionized v/ater f<3r several 
days using 12,000- i -.-,00:; ivi wCO tabing. The product WcS filtered foilowmg dialysis 
to remove any solids; ana was lyophilized to give 47.27 g of a solid p)*odu.ct. The 
polymer was deterrijiaed p _have a photoiosd oi 0.^3 rnn:.ol BBA'g of polymer, 

Exan^pie 14 

Preparation o r N-suc cinimidvl 5-oxo-6-- ay.3->Un onenoate ( Aiivl-Gl-.\ J-N OS) 

iCompaw.jiiUyj y 
A fiinction^Ll inct^omer was prepared m die ioiiov/iag niarmer, arid was used in 
Example 15 to irurcduc - a::tivated ester groups on the backbc»ne oif die polymeri 
Glutaric anhydride^ 20 g (0.173 mole), was cHsiioived in 100 ml chioro form. . . The 
glutaric anhydride soiutie^u was c-ooied to < l\f C usiag :ce bath. Ailyl amine, 10 g 
(0.177 mole), was vussoi^ ed in 50 ml chlcrcibrni md added to the cooied solution of 
glutaric anhydride v/ith siimng. The addition im) of allyl amine was adjusted to keep 
the reaction temper \ture <IO*' C. After th 



^\aine ;iddition v^^as completed, the ^^^^ 



^ . 30^ .^ reaction solution v/as olJr^wed to come to Tocm tejriper£t%:re whilei stirring overmgiA 
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After removing the solvcrrL th- 5-oxo-6-?;za-8-no:: Tannic acid isolated amounted to 
3i.4g (i05% crude) Witl: a cmsI DSC melLing pci:i: of 55.1^ C and 44.9^ C. NMR 

analysis at 300 '!SG-h: wes c;-.^iL3^^i^^r;t with th^!^ desirrr r: 
proton 5.19 (b, IH), vi: -y; p-otoas 5,13, fm. D - ; • 
3.85 (m, 2Ej, methylene?; aoiacent to ca^bonyh-: 2 
methylene 1.9. nn, 2H). 

The 5-oxo-6-a7a-&-7-:)m:-noic acid, 20.54g (0 a 
(T-^rfS), i i.l9 g (0.1.3 :rrck) ;^u.!u 2(14 nii die var^e ' ■ 
bot'om flask equipped v^ii:h cveriiCad iiiri 



luct: »H NMR (CDCI3) amide 
xi^thylene adjacent to amide N 
\\- 2.39 (t, 4H), and central 



L;;oy.:;io:'f;xy}oa?'hoc[iin:dd^- 



lole), N-hydroxysuccinimide 
ficed in a 1 L 3-necked round 
and an addition funnel. 
le), was dissolved in SO ml 



dioxana wr] vlaced h) < 'ie aricil'CTi ftmneL The ' r^,^'-ntion was added with stinring 



to the acid/^Nn-iS sohiricn o\^^;r 20 minutes, and th-: 
stir room ternoaratuve •:»vv.:n')ighL, The r-^actio^i 
fitnne] to remove dicycich^/:ykT?^?L (DC(J). Tne: .•' 



l iting mixture was allowed to 
;y vaa was fiUered on a Btlchner 
' vas washed with 2 x 100 ml 



15 cioxane. The solvent v.^si; o=/^:l:o^ated to give 41 .37 ]?. re sidue, which was washed with 



4 X 75 ril bt:'Xane, Aft< r tp::. sob/e rts were remove ■ 
41.19 g. One recrystaVii^:!!; on of the cn ide NOS 



vield of crude NOS ester was 
r iv ct from toluene gave a 60 % 



yield with z D'^C ^relring of 90.r C. InMR ;.n at 300 MHz was consistent 



c 6.02 (b, IH), vinyl protons 
3.88 (m, 2H), succinimidyl 



with the desired prod.^<:l: 'K N^4E. (CDCl,) amide y 
5 A3, 5.80 Cm, 3K), nie-;;:;/.tir:;t adiacent i,o rcATii:..: 

proioni 2.83 (s, 41-1), rjjelhvhnit^s adjacent tC) c.?ib*:;i;4s 2.31, 2.68 (t, 4H), and central 

meth>^e-ie 2.08 2H). *i3ie ucal compound v.-;v- cd for use in the synthesis of 

pi:^cToac■civx^t^J:ile polyiv;.^ri av. diJicri^ ' • ; ' ' ■ :V 

ExaiTipie o -•* • . - ■ y ■ ■ • • 

IX5^£;:A5kiL9LlCimj^ Vunfe^didip^e and Allyl-GLU-NQS 

A photoru:':i vafru)!?: uoooiym^r of the- p/eea^:. ^ :r -uvion was prepared in the, , . . _ 
fbllov/i?ig rnc:nr.er. ViryIpy"r:n:diuone, 4.30 (5 (3S. • r.imnl),' was dissolved in 5.2 ml " 
oiU-AsO vJ\vv.ii Vv'ivh 0.14 ;?:(0.'-l mrholVcf,pDp?jv,:;^ Til, prepared'afecoridingto the ^,^7 -^^^ 
" general inelSod dc-crib-rd J^T:^lmple 3^'B'5^K ^'SSffiS^P 
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prepared according vi the y/;:nera: rnothod described in Exa:np!el4. by combining 0 
.08 g (0.49 mmol) of /sJ.B:A and 0 005 nil f0.03:> ii'iaoi) of I £MED. Xhs solution was 
deoxygenated with .i spaige tor 3 nur.xM:f:s. '.^je jead space was replaced with 

argon, and the vessel v.'-'5 sealed for an oven-igoi: heating at IvS*^ C. The viscous 
sohition was diluted v/ilh mi chbirofbrn j, md :hf a pr3?:;ipitated by po;::Ting into 200 
ml diethyl ether. Tm pn^dpitats was dissolved ni 15 ml chlorofoiin. snd precipitated 
a second time in 2CHJ lal rrher. The product wa^i <iri-:d in a vacuum oven at 30° C to 
give 4,79 g of a wIvm- sviid. N-VjR analysis (0DC>^ J ^'onfiriiied the presence of the 
NOS group at 2.81 uio d;ie p..jiCiiog::otip ; :>uo v/;;:;, Gcle:;i:iili).&a \o h '^ Li liiinol 
BBA/g of polymer, he *>;nyl-GLU-NOS competed 3.0 mole % of ths pohTnerizable 
monomers m this rei rror: to g:v5 C ompouno. >r»/. 



15 



xixarnpit lo 

Comparison o f Raiicom ?aoro Va -PoIvNOS fC jajun>and lA-CYwiih Rand om Photo 



Compouno jy^-C i .ad Compound Xi were ocparately ;iiosoived in deioriized 
water at 5 mg/ml. "Ins PS piates vPS, Medium r^i ad, Coming Costai", Cambridge, 
MA) containing lOu i J of Compound jlX-C and C ccrpound >J in separate weiis were 

20 illuminated with a Dymax lamp (model no. Dyma^x Corporation, lorrington, 

CT) which containoc a Heraeus bulb (V/.C. iHirz^M^ GmbH, Hanau, Federal Republic 
of Germany). The i! : timination duration v/a£. for ) .5 rnxnutes at a intensity of 1- 
2mW/cm^ in the wavelength range of 330-340 m.i. The coating sointibn was then 
discarded and the weils v ere air uned fbr ^wo iiotvris. Int; piates were then illuminated 

25 for an additional one irtiaate. Thei coated plates ^'^/ere used immediately t:o immobilize 
oligonucleotides st^>: i^d it: a scaled pouch for "ap vo 2 inontlis. 

The 50 base o ligomer (-mer) capture prcb,^ S 
GTCTGAGTCGGACCCi^GGGCGGCCGCCAACAGCAGGAGCAGCGTGCACGG-S' (ID 1) 
(synthesized with a -arrdno-modifier containing a C-j.2 spacer) at 10 pmoles/well was 

30 incubated in PS wel in 0 m!\d phosphat 



iatc'^j|:r^|}8^^^ 1 m^-£EpTAat3 



CCGTGCACGCrGC:TCCTG'1*G'rTGGCGGCCGCC': 
detection probe or non-roi-nplcuneritary f '"Biotin-C<3::iT 

gagi>jtgggagc:ggga/jaca ::aga.\o- (K) 4; - 

with a 5'-bicvi:ii3 nicdificr.tioii. 

The plat^^s with, i^nmcbihzcra capture probe w-:: 
saline fPBS, r^iM. N ?.,P0.. I SO i;iM NaC^ pH 7.:^ / 
MicToplate Avto W3sh-:r frv.>:?e! EL 403 H, B:o-T>'.V- 
were then blocked ai 55''C lot 30 minutes with hybi 
sec \0:^S M MaC:, 0.0 ^5 M C:;tra-e, pH 7.01, 0.1% 
scdii-m dodecyl sulfate, Whso the detection probe \- 
fmole of detection p::ob^ in 1 00 ul were added per v. r 
Thepl?iit^s ^A^er^ then v/i:^^:hed ^vitn 2X SSC co-itaini: >; 
Tninutes at ^S^C, The bound det-^ction piobe was : 
sn-epta\'i.din and borser'^^di^h pe:o:^idase (SA-PIill'. 'r 
inc^ib:^-:^^ fcr 30 mnir^e5 a^jT^'C The plates w^ye U. 
by the adviition of nefo:vLdi;^>e iubstrate (>uO, ard i 
Laboratories, Gaither-5bur,^, M"D; a*:id me£.:5UTcmen\ ; ' 
(modd 3550. Bir-Rad Labs, ajXubndge, MA). Tr :^ 
Tiie re?ii];;^ iisUii i-4 ^ ibl^; i indic-ite i\m r-vi. 
C did not effiicrivf-iy iTr.rio:::i ;:t:iiine-d.eriv?nz:=:i:- : 
Ccr;ipound XI, ai- a coa:i; =g, pn':vi.ded sigtiificant = 
Co/npobrd CC-C^ reagev^t tjjos; l:'k:ely pa -sivated vh(^ : 
ca[:?ture o;igc.?. In contr isii >^^2-:^n Compound XI ^A'^n 
the siirfee yy ?ojilc ijnt':ri^:-ii.>nt; where h riould tbei- 



; ihe complementary 5'-Biotin- 

::t^^^ agac -3' (JD 3) 

G ATGGAGCAGGAGGGGCCC 
i ^: o , both of which were synthesized 

. . ashed with phosphate buflfered 
or v Vining 0,05% Tween 20 using a 
f ^^^ TOcnts, Winooski, VT). The plates 
w:3T ion buffer, which consisted of 5X 
: vo> isarcosine, 1% casein, and 0.02% 

%> bridized to the capture probe, 50 

^1 d incubated for one hour at 55^C. 
sodium dodecyl sulfate for 5 
XX. \y/ adding 100 \x\ of a conjugate of 
: : i: Rockford, IL) at 0.5 jig/ml and 
: n V ashed with PBS/Tween^ followed 
: r .^- hylbenzidine, Kirkegard and Peny 
:: '3 ?im on a microwell plate reader 
0 : T were read at 10 minutes. 

: i plates coated with Compound DC- 
■ j ; ; re probes. However, by comparison 
\ias. md good hybridization signals/^;Jjf| 

r i ; :e3 and prevented the association o^ 
;"v the oligonucleotide was attracted to 

::ov alently bonded with the NOS 
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Table 1: Hybridizat^oi) ^.>>giial.s from PS Ivlioroweil P-vttes Coated with 
Compound IX-C anci ( c rr.pcjund XL 



Complementaiy 
Detection Probe 



Non-complementEi;: 
Detection Probe 



0.127:::0.0lrt 



O'oiavour.d XI 



0.: 74:1000:; 



A coating se l l 
0.5 mg/ml of Conipi 
used to treat poiyj:rc ;: 
(PC, Coming Cosiar. 
Chantilly, VA) muiti j 
oligonucleotides'- N j 
(synthesized with a : - 
or 10 pmole/well wa;: 
as previously d escn ? ■ 
oligonucleotide or ro 
transparent, the com 
incubation with the ci 
in the PS plates, i 
Signal levels are onh 
geometries of mien: w 
hybridization signal 
hybridization signa ls 
plates coated with a 
PVC plates, adsari>t 



aic :; cijirlaining a imxii^re :■ ii sg/ml of Compouad IX-B and 

>i"B was prepared, in a ^ioniz^sd ws.rer. Thie; mixTure was 
yjr.;:;e (PPj Coniiug Co^-ta::, Cuii:ibrid[:e, MA), PS, poiycaibonate 
C;;:.::abndge;, MA) and poiy '^j^jy- diloride (?VC, D\T!alech, 
/.^ £3 descnbed in ,3xairipie 16, A 30-nier capiore 

* - CrGAGTCGGAGCC^v GG CGGC CGCC.\A,C - > (LD2), 
'U;;; .ivj-cnoditier coiria}:::i:.ii:^ a C-i2 spact;i> 0.03, O.i, 0.3, 1, 3, 
TPCi^bated sX C overr!.)gv:T. Lae hybnaizatioii was performed 

:n Exanipie 16 using cc?pipie?nent£r%' ID 3 detection 
ir corrApiemenuiry iX> 4 oiii-r:), Since PP plates aie noi optically 
■rai. of each \veli were rransibinred ;o ?S weds alter a 20 minute 
rirorriogenic substrate, llie hybridizaTion signals were measured 
cV ;^;r plates we:re read ^vitiir;ut n-ansxbmng at ] 0 rnhiutes. ■ ^ 
co:-ipai-able within the same substrate group due to the different 
'c;:: plates rnade from differe-nraater'als. Table 2 lists the 
and shows the relationiiiriip between the intensity of the 

1 Ihe aniount of capt-ire probti iiipplied to various microwell 
iixiure of Corapound iX-B and Compound X-B. On PP and _ 
o'- probes was very low ina ii^s? cb ^^'^^^^ polymeric : 
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reagents improved the ?.;gv:ai:$ draniaticsJly. The si:::!;-:j ^"creased with increasing 
capture probe added to the ocat':;ci wells, but leveled approximately 3 pmole/well 
capture. The plateau in tbf? :a:nount of signal gener^r ::d vvais not due to a saturating 
leve'; of hybridization, bur.rntlir-rto the liniLts of the ' oSo* change reaction in the 

5 coloniT.etric assay. 

Oiigonucleotid^: deri^^?ti vt-s adsorb efficiertt; ■ - ?r:co uncoated PS and PC 
microweil plates &nd reiult iri specific hybridization • iivnais. Cros et al. (U.S. Patent 
No. 5,510,084) also reported that araine-funcdorjaL/ ; oligonucleotides adsorbed 
satisiactorily onto poly =ty]*ene jnicxoweU plates by .L> - v.v/n mechanisms. However, 

0 ihciY. is niarked \ ariabi ity in vbc tunoimt of adsoi ^: c:\ uncoated PS plates among 
different lots (Chevier at al. iQ:245, 1995). 

T£:blo 2: Ryhud'iZzUori Sig!':a]? (A^ss) From Various : :Ucn>well Plate Materials 
Coated V/ith c-^ Mixture of Coinpound IX-B and Ccxv poui^d X-B. 

Capiurf OligonucleotideA Sdii^d (pmole/well) 

0 03 
Coinp NCI 

PP 

Uncoated 0.083 0.032 
Coated 0.5-^] O.O^^i 

PVC 

Uncoa-ed 0.07^1 0-079 
Coatsd 0.423 0.116 

PS 

Unco3terci0.2:>5 
C-:>ated 0.435 0.L71 

PC 

Uncoated 0.676 0.24S 

Ccatcd 1.014 O.S27 

15 



Comp.: Complenientary d£ :^c:ior.proh^; wa? adcb:* liybridizaiibn. 
NC: Non-complemeriter;' c'.'itcction probe was add^ J Jxr hybridization. 



0 : 0.3 " 3 ■ 10 

Cr/fV;o 'I'^C Comp NC C.;,:;.-.. = : Comp NC . Comp NC 

0.0"6 0 072 0.076 0.074 0.0f = T: 074 0.070 0.067 0.078 0.073 

:.07v :.7(59 L.09i ;2.2;v. :-.!:>4 2.582 0.141 2.490 0.320 



OO^i C075 0.097 0.078 0.] -^ 0 :v76 0.215 0.081 0.337 0.092 

0.87^ I I iU i.326 0.112 1.5^:: :.142 1.628 0.186 1.604 0.332 

0.:'i:; OOV; •).S27 O.Of'O l.liv- ^).m 1.380 0.093 1.404 0.136 

O.fO: 0 1)5 L177 0.iir> 1.4fV 0.132 1.470 0.132 1.487 0J02 



136^ ()2A4 2.103 0.256 2.70: 0.266 2:745 0.295 2.930. 0.388 

i.<:d;, eiCc 2.136 0.295 2.2J.; I'i? 2.38O 0.342 2.500" 0.572 
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Example; 1 >i 

Evaluation of End- T)cr - Dmhoto PA-poivlNOS (ComDOuna Xiix ana Ra ndom Photo 
PA-Polv Oaiv- \ Conipogrid X-BV a5Pi",^d - PVC JM' icro\vg r{ Platss 

5 A coating sciua(;ii coiitaiiiing a mixtUie of j mg/irii of Compouno. Xil and 0.5 

mg/ml of CompounCt X.-n was prepared with dit^ioiuzed v/aicr. This xxiixt^ire of the 
two reagents was us^a coat PP and PVC riAic?:oweU piatts unaer concivioris 
comparable to those or. :;::.bed in Example io. 7.1ie 30-n'i=:r lxj 2 i;apiure 
oligonucleotide at OA)j, J i, 0.3, 1 , 3j or j pixicUvvveii Ui \ ). L ^1 was incubated at 4° 

10 C overnight. The hyoiioi^ulion was perfoniieo at de;;cribed m Example lO using 
complementary ID : joii ohgonuclecude or no/;-ccri?.pjeTr.enia:y ID 4 oligo. 
The hybridization rvlk/^^'i;: usxcd in Table i d^i^nionstrale tlie rt^lauonship between the 
intensity of the hyb' : . <dion sigfiairi erA me an) ounv of caY:vvTre probe applied to PP 
and PVC microw*:;:; p^;. coateci sviui a niLUiug of vjoxnpcjaud XII siid Compoimd X- 

15 B, The signal incre^ -'^ -/iifi iixreasing car ture c.Ugc:-nuc leotides added to the coated 
wells, but leveled ciihk iippxoximately 1 pmole well. The signai-ic-noise ratio (from 
complementary vs. t cmi coi.nplevrientary dei(t:c:i:; probe?) was i\s high as 26 and 1 1 
for coated PP and V'^-'^ : ■ .rfiicMs, reipectivah> . 

Table 3: Hybridizt-Doi: S -gnais (A^j^) From PF tii;d i?VC Plai:es Coated With Mixture 
20 of Compound XII fj .-!*" : nipoiuid X B. 



pmole/well 
Capture Added 



0.03 
0.1 
0.3 

1 

3 

.10 



? MicrowcU plaitis 



:c:ci-::tion 
0. i'V;' ±0.008 
(l^:i;:]:0.042 

2.157:1:0.142 

2,9:;:: ±0.026 



Non-comjii. 

0.07C±0.no? 
0.075x0.009 
0.08C±O.0CI: 
0.081±O.0O3 
ai08±0.0i2 
0.200±C.01!i 



F VC Micvoweil plates 

Non-comp. 



Uornp. 
Detection . 
0.2S9±0.029 
0.759±0.054 
1.262±0,023 
].520±0,044 
L571±0.031 
i.625±0.040 



0.094±0.020 
0,104±0.014 
CM 17+0.011 
0.189±0.064 
0.179±0,016 
0.286±0.021 
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Example 19 

5 Compound X-E a^; :ng;^inl in deionized •-■y. 

well? for 20 minutes. The p^xc-. ':^^ere illuminated 
16 with the solution ia the v-cWs for 1.5 minutes- 1::' 
wells V n^re dried Com:pour d V III at 0.5 vng/iril in v. i 
incubstcd in the Compoand X-B coated v/elis for 5 

10 is;:-cv£^j, ihe piiitc driei ii n minated as descriV >. . 
after the weDs were d!7 • :1 no 30-mer ID 2 capt-r: 
1, 3, or 10 pniole/weli in 0. vai was incubated fit A'- 
was performed a?v de^cvi bed k \ H:<?inipl:? 16 using 
oiicrDn.ucko^:de or noT? ^ccir ^ncTri-ntary ID ^ oJigo. 

15 signals and shows the reLriti^i^i-ibip bet^^'^een the int : 
arid -h:: a3T!Oui\>: of cap;.v:r6 p- oh:^ applied to PP ar-n • 
ComXfMiad X-B ^bl]o^^ f ■' Ci 'Tnpourid V7II co^it;:: 
increasing capvijre probe ^ddec to the coated v/elif^ \ 
pmo!e/v'elj caiDture oU;?o. 1 ::e ^^i^nals -were up to ■ 

20 PP and PVC sunrace?, :-e^pe :^:i^=e]y, as compared to ^ 

Table 4: Hybildizatioii Si^ii^-us (A^j.) From TP a 
V/iih Con?pousAd :<L-B Followed by C:: 



• i r^nippmipd X-T^;^ and BBA> 



L. ; 3^ incubated in PP and PVC 
r dously described in Example 
! oiition was discarded and the 
: pyl alcohol (EPA) was 
u;i5s. The solution was then 

: ; i iix ample 16 for one minute 

i trinucleotide at 0.03, 0.1, 0.3, 
r . ;*might. The hybridization 

aentary ID 3 detection 

ii V' 4 contains the hybridization 
: > of the hybridization signals 

' : -vicrowell plates coated with 

be signal increased with 

. : ' : veled off at approximately 1 

u .d i 1- fold higher for coated 

■funcoated controls. • 

. P V'C Microwell Plates Coated 
- :ad Vni Coating. 



pmolev'well ' 
Cautuifj Aided j 



0__03 



.'J . 



"""'] 0.6? 6x0 /.'.jS j 0^A4±Q.O06 '< 

T~ ""~] on;.ii^o!clc''jr 'i.8s'55:C 6?7T ' 



VC Microwell plates , 


..'fitcid 


Coated 


..::0.004 


0.244±0.014 


iC.005 


0.694±0.065 


±0.0] 0 


1.113±0.033 


xO.Oif) 


1.304±0.027 


•;:0.023 


1.237±0.013 


•_r0.024 


1.182±0.041 








.■•.-;4U;xt ■• 

; ■;'>'--C ■'. 
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Random Photo PA 



ExaiTjplc; 20 . 

iLrnoto PA-PQ'^yQv^(CQIapQ^oa x-n> wUh a Mixture of 



10 



15 



20 



Compound - -A i 
10 minutes- Thep»^i :ev 
solution containing :i . 
at two ratios, 5/0.5 :t^: > 
deionized watei to j 
for 10 minutes and ;i-r^ 
mer ID 2 capture oi hO : 
for one hour. The bybr>: 
complementaiy IL' 3 . i 
The results listed in 7 ! 
Compound IX-A ar • C 
Compound X- A cuii\ : 
Table 5: Hybridi;::rv:j n:: 



.1 O.o or O.i mg/m'x w-cis hicubaied in r? micro vv'eii plates for 
»;re then iiiuminaier: as aesr ! ;bed in Exarnple i6. A coating 
Tiire of Compound IX-A and Coiiipounc X-A was prepared 
i and 0.5/0.1 mg/nii of COi.-i:i.pound iX-iVCompcund X-A in 
i ^ rnicrcAven plates. jUaion vva;j iucubatca in the wells 

Mis were illuininarcd ai: described in Exan^pie 16. The 30- 
riv^otide lit 1 pmcle/ n-ei' ^vas ^^iicu bated in each well at 37*^ C 
ization was done as dc:<cnb;: d in E?;ampie 16 using 
:/tion Oiigonucieolide ur nc^vconipieniGaliJiy ID 4 oiigo. 
5 indicate that tl\e coa ling containing the combination of 
xpound X"A gave hig}>er signals as corijpaTcd lo those from 
iiksae. 

Signals (A.555) ?ioi;: C:o;.yipound X-A Coatv^d Microwell 
Plate?. 



Ratio of Compounc D 
A/Compound 'X -A 
(mg/ml) 


1 Comp. Deteotioa 


Ncii-comp. Detection 


5/0.5 


! 1.436±0.056 


o.o77±o.ooi 


0/0.5 


} 0.454±0.1/i9 


0.052±0.006 


0.5/0.1 


! i.346±0.'644 


0.062±0.003 


0/0.1 


I 0.192±0.0S2 


G.O55:c0.O02 
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£gn^^d^i2i:>igE^ Qligonwleotide 
jQiLRandmiu^ii^ ^Awdo^ PhotQ P A-PolyQwat 

5 

A coatina soluti/^n -trAVoxx ng a r iixturf of v : rr c .md IX-B (5 mgAnl) and 
Compound X-B (0.5 m^-in^} v.-as prepared ir. ot^on. v^ater to coat PP, PS and PYC 
mkrowei: ultieK. The ^:ol irv^n ^-ju; inculxic^^d fcT j^^: >• : naately 10 minutes and 
ilhiT'n.::]V}i':ec. ss c-?r.cnb^-*-i-r In l.y,^:r:\p:^' 16. Tiv • ;] an'e S'-NH^- 

10 TTZ ::C rOTCTCC CGCrt ^';:C/V \TACTCGGG:: ■ 5) t^Iigonucleotide at 1 
pmoiiAveil was couplcil t -c -^vi^iis in 50 xcM pho> ;:;r:c bufier, pH 8.5, 1 mM 
EDTA 3t A'^ C Oi emiiih-t Th iiybridiz2:uor was o*- : . ;'v-^--:d as described in Example 
16 i^>:riu., c:>rnple^:'sntar'; cict-niicni oligonucleotide > or non-complenientary 
oligonucleotide ID 3. To ciclerr. .ine the effect of t)^^- --;--flinctionality of the 

15 capture <3iifdO, a r,on-Tnc-:iHir: :i 3J;-mer captiTte piobc ^ "CTGTGTCTCC 

COC""rr'aAATACTCC''.'--^^^^ C'D 6) (wi-h lio i^.ir i: ; also added to the coated 
surfi'Cf " arc tesied. '!*"n'" :'i;s".::ii^ s^^rwn rn Ts-b-e 6 that when an 

o]igo:iucieotide v\'itho;p -n^' : '-on^-ne mcdifioalicn • i:.; j --^d as the capture probe on 
Cou?poi!nd ]X-B/Corai o...;an X-S coated surface!?. : ■ \ r:ridization signal was less^ 

20 than 30% of that with ?ni.^ne ;:nrd?ficatioir 

Tabl^ 6: Sife::.^!:: (A.,/: C' e.r. . ?i : >i Froi::i B:vi)xidi:^^.^ ' , ■ / /-actions With Either ID 5 or 
ID : O:ig0:iu::!c;:-ddcy C:.::^r:-^:uiid IX-B/ 3oin:;; .; V Coated Microwell Plates. 

iVMine-inodifled Capture . . 

Coitip, Non-comp. 
Detection Detection 

0.037±0.005 O.033db0.001 
1.915±0.029 0.066±0.003 

0. 404+0.100 G.118±0.025 
l.319±0.027 0.101±0.017 

l,269±6l034 0.106±bj324 

1. ^37±0.012 : O.O98±0.0OS;4^^^ 



^!-o;\:r. '-r: c." v^i- Com}). Kor.-- ■ 

Uncoati'ti 0.0:i2:=0.001 i:.03oi.^J.C<> 0.03r±0.00I 0.03^^^^i>0; 

rvc: 

Coareo 0.115+0.027 C09t:i^-.^;4 0.37910.02^ 0.09':: ^ 
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Exair?pic 2,': 



Oligonucleotide l A}aeir.^^ 'Demii:ies_Q3i.Mv^^^^^ Crta*:e<l w\x\i Rando m Photo 

PA-Pq1vNQS fCoinDOi- ..'j IX-A i andRanoo^n y:M\o ?A-FolvOjai (Ccf^npc^md X-A\ 



Radiolabeled i-M r> ^vere perrbnned lo cr)t;enruns oiigonucleodde loading 
densities and to vet u;/ 1 :i aits from rhe colorim^itric assay systern. in th:s Example, 
combination coatinj, ? o • .ompoxiTici IX-A anri C'ompound X-A were performed on 
PVC wells as descrir ed : Bxample 16. The iO 2 and ID 5 30-mer cnpture 
10 oligonucleotides we? f. i. : = - iobilized on coateo w riis. A radio labeled ilJ 1 probe was 
used to determine the -cading density of imrrvobiJizcc capture oligoniicleotides on the 
well surface, A radio.uii-^Med IB i detectioAi prob ?, w-iich was compieinentary to ID 2, 
but not to ID 5, was a> :o measure hybridization reaciions of the immobilized 
capture probes. Oiq^o i uc-eoiides ID 2 and ID 3 wvere radioLabeied at the 3'-end using 
15 terminal transferast:^ (3 /^:::;imger Maraihenu, ^ad;arj<i];olis, ) and a-^^P-cidATP 

(3000 CiAnmole, Ain-j :i:;naiB, Anuigron He:iei7iiL IL ) tvccording lo >:he manuiacturer*s 
specifications. ^^P-iy/otiea ID 2 and urJabeled Ii> 2 and ID 5 capture probes were 
incubated in coated vvs. ai, 30 pxnoie/weli for 2,15 iiot-xs at room temperacure. The 
. plates were washed ; . ociced as described m rix;irnp]e 16. 
20 The wells vv: in . aniabeied capnure r->rohtes were hybridi-zea wim the ^^P- 

labeled ID 3 detecrior. o^ c be in hybridization bulTer for 1 hour at 55''C. Weils 
containing the ^"P-Ir^bi J e j c;apmre probe were -ricubalod in hybridization buffer 
without the ID 3 piooe. . ifier washing three sinu^s with 2X SSC contammg 0,1% SDS 
for 5 minutes at 55"" C three times with PBS^'C.05 vo Twesn, the plates were cut 
25 into individual wells ^ljc oissolved in tetrahydrcfursn. The amount of radioactivity in 
each well was meaisvirciCi ty scinuiiaiion counriug in Aquasoi-2 Fluor (DuPont NEN, . 
Boston, MA). The reviiV^: in Table 7 shov/ that bcMib Compound IX-A aiid Compoxmd 
X-A were required 'o ui> v good immobilij'.atlcri of capture probe.. Also, increasing 
the concentrations c: -Vipound IX-A and Compoiaid X-A increased th^ amount of 



5 



WO 0OA>05^>3- 



PCT/US00/OO53S 



the capture oiigorucleoddc imnicbiiized. At the h:i 
signal to no"se rai^o wa;*: £';re::^t-r thra 300(» 1o 1. 
Table: 7: Dr:ni.i^o^; of Ivi^i-rvulized Caprure Oligon' 
Detection Oiigc*. 



:o:icentrations tested, the 
riband Hybridized ^2p- 



Mixture: of Cv^t 




[jiiiriobilized j H;'?. 




Hybridized 


C0T7>i:*CVT"C 

IX-A (nig/ni:'i 




■^ppture 1 com-' ' 


■ 1 


nnn-cotnp.detection 
fmole/well 


G 


0 : 






0.6 


0 








0.7 


""'6.5:- 


c 'T 




0.6 




OA ' 


"3„'.4.i " ' : 




26.4 


0.' 


0.1 


2J5.7 




55.7 




0.00]"*" ^ 

i 


52.8 "~ ''" 




0.6 


J U.t;u' . . v: 1 13.1 




0.C5 






. 1.1 






<":01.9 




j 0.7 




C.i;; 


3 3S.0 ; 




1.6 




ij..:- 


lulls. 4 




0.3 



10 



Exampie 23 



rtiary Amine f Compound 



15 



. 20 



Compound Xr- at 0 ■.}2 rng/ml in deioniz^ci 
micru\>i'Cll plates ibr !(• rn-r^vtes The ^vtills were il:. 
1 6. ron*r::-i"C '^/""A ^-^"^a ^ ■ '"r l ;n ?? v-^ci's at : r 
de5Jc:ib?:.d tor CoiripoUi:S ^'lli. coating sciuvion ; 
Cuiiinrvuid xX'A and 0.0^, m^/vil Conrpoui-d XI].;^ • 
arid c:^:i:ed dei crib:: v-'' ■'.'ornpcund XIIJ. The 3 
oligoncr;lsotidc ai 5 p: j:j.o]e. >v{:i; v^/as incubated in e:- 
The hv^;ndizaaon 
detection oh 



nr was incubated in PP r 
lilted as described in Example 
; :n de ionized water as 
. : : :ng a mixture of 2 mg/ml 

jn vized water was prepared - ■ ; 

.:x ID 2 capture"* '■ / J^, 

at 37°^ C fbr one hour. : ^^^llXsl 
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peroxidase subsvraie, i : ?-ssuh?; iisied in 1 f- -/uiiceite u>st xbe rorn.i^;.aintion of 
Compound IX-A an^i vV; i npound XJlI gave bi^h r riignals Gompared :o :hoc.e from 
Compound DC-A o^: C ; ' .'>ound Xill coating alOi;:»^ 
Table 8: Hybridiz3::o- Signals (A^s-) From C oa-c:d Miciowel] Plates. 



Coating 



Compound IX -A 
Compound XIII 
Compoxmd IX A/ 
Mixture 



i ' (irn.p . ' f t f o: j '>:!i-coii:. :> . *^ taction 



10 Acopolyiii; 

Acrylamide, 5.660 g i^i 
addition of 3.083 g i > 
method described ii: I : 
dry DMSO solution }r :: 

15 11. TEMED, 0.13 
the mixture and tbu 
followed by an ai-^ i : ? 
at 55°C to compleic 
reaction naixture irr 

20 The product is \vai;l '.* ,l 
chloroform. Thejoiyr: 
Apolyme)- svUmV: 
methane and ainnio^^ i 
5,643,580). A mixr - 

.25 introduced into tlie /i a : 
. ^ ^ gases are maintains d a : 



Examp ie 24 

ve prescvrir kivention i:5 prc^v^icd in folicvviBg manner. 
inniOi ii» dissolved iu i jD ml DMSO, followed by the 
/ niinci) of Compoiiiid } v\ preoareci accordiiig lo the general 
:cn]3ie 4, and 2.207 g (iO,0 rru^ol) ci MAPTAC, delivered as a 
. area according to the g^inticU meihod descilbeci m Example 
' }.\i9 mmoi), and AlBN, U.l)) / g (L20 ramol), am added to 
. . n is dej>:ygenatc:d ahenum spaige 2o:: : ^mnuies, 
arge lor ^dditioruu S yt^i xu^es. I he sealed vessel is heated 
polj/merization. Tlic pc Jyrcer is isoljied by pci::iing the ; - * ' / '']\_^ 
:■} mi oi diethyl eiiier ai;xi ceiarimgicjg to sepai:^te the solids. . . 

uh 200 ml of dieih;*! ev'iej:. f-llo\^'ed by 200 m: cf . ■ 
i:vr ::s (liiKd under vacarviii. to remove reiraininiJ solvent. 
.. ..i is de:dvHaizedby pk^i!r;a*tj.e3tmeiit i.;sing a 3:1 mixture of 
i: -iifviS- (See, ;5-g., th? ^enerni :nethcd described in U.S. Patent . . / l-r^ix 
: X methane (490 SCCM] and aramc nia (161 SCCM) are -J 
chamber along w^lh ':hc p^Ayme.: part ;o b<i coaled. The 



presstire of 0.2-0.3 tot£aHd'fc300-50G wa:t glow discharge is-^M^ 
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10 



established wirhir. the chau/jer. The sampl^; is tie- .-A a total of 3-5 minutes under 

these conditiors. Fonna^io- c?an amine deri vat- z-:!-:"' r-u'f^ceis verified by a reduction 

in the ooii'act ancie c:nnr:ari?d to the iincc^atr ^ :::'r^:--.ce. 



Tiiinutes at room temperature 
iM phosphate buffer, pH 8.5. 
^:ved and the surface is 
ghly. Immobilization of 



The anunx? i^A-^ :::?^d -:y(%co is- ircul^at':^ 
with £ 10 mg/ml solurior ct^: the above polymer in 
Fo^lorvinc this reactior. t^- ^ ^^'^ coating solution 'r 
washed lhorou:d}ily wi.h :.^.-!^.i^ed water and driet: 
oH^orner cei)rare probe iUKi :^ybndization is perfc:::r^:'V a;- described in Example 16. 

Exaanple 2S 

Coatsd_Qlas§^Ude^ - C;Q;:r/na^:isonj^jc^^ 



: vith QiLtJlboto PA FolyOuat 



15 



20 



25 



30 



Sod? iime gl?353 ];n:'^rc3>cope slides (Brie Pr; :; 
HaKii:i6hkcO we:v- sila" i.:.: by dipping in a mv • 
(T-r-;ia/:.c=0 ar^d lN-decvi:ihTK^:iT/:onloro;?iian CD-S: ■ 
Technologies, Brintol, Pej:ai:ryiva.nia), 1% each in 
dryi:ajj:, the slides wev-: cu;--.:^ iU" oven at l2..(fC 
wzsn^6 v^itri ^.ceione iol.ir-^ ;:o. i>y DI water ciipi>in . 
ovuii lev I'- 10 unites 

Ci-irciuo j.nd K - A, 'IX-D, i^nd XV ax variouc 
Corj-]pO(i.r'.d X-.A, weiir sp:\^yy-i^. oato the ^^jikiit; 'vr^i.: 
illun2\nnvedus3i\ga Dy^c^n \<m)p (25 ntjoul^j/cirr 
band pass filter on an lTu^r:*'ilior;al Light ihdAom.^- 
aiii d/ic;d. Dlh-oaucl^uu^'"-:^; v-:re v^nUid o\\ the t." ■ 
corv:]V;Jsr tr ii-o^dtioi^ a C 0--::'* id biuiit end .aeedle . 
IVo ol:gouuc:\eoadi:^:v •v\ Irr^niobilized to the u*:: 
crtiine on tb^ 3' end and Cy'> .in'^o::esceiu ta^ C/.nj/- . 



Cy3 - 



r i : : Portsmouth, New 

I : i p-tolyldimethylchlorosilane 

....•nited Chemical 

: : ;;r::, for 1 minute. After air 
: t hour. The slides were then 

i ; e i=hdes were further dried in 

r ■ : v -tiations and with or without 
i-.l ' Je , which were then ' 

cxed at 335^^^ with a 10 mn 
; 9 alia wet, washed with water, 

ising an X, Y, Z motion ^: 
i c :■ vith oligonucleotide isolution. 
^; : j slides. One containing an 
i Arlington Heights, Illinois) 



; - ^GGCCGCCAAC-Nm-S' ^(ID -^IS 
;-v ' ^jriing an amine on the;5',!md^ 
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5'.Nm.TTCTGVvy- 0\ •CCGCTCCCA^^,! ::.-: TCi^GGCyy ilD 5) ; (^r.o modifier 
has a C12 spacer), '1 ;M:v, ^v-^re pnnted at a t^rriti^:xrvd'jn of >^ ptaoie'ui in ^0 mM 
sodium phosphate pi:. : .5 •;:ontaijiinij 10% >;(xij i.^:-. i ?;u. fiite ana i :i:M EDTA. Slides 
were placed ovemuA: a a vs^k m ^. sf?aleo car ; cr -ith lia- uisi^d ;5Dniam chloride 
to maintain a relat;vf: i ^jxdiry of 75%. Slides •>n- ited with ixu 7> were tnen washed 
for 5 minutes in FBi\iv,^.6% Tween-20, for 90 -uinutes in blocking buffer (0.2 M Tris 
with 10 nnM ethar^ : ;u 50^ and h^- 2 : m wash mift'ar (5>[ S5C, 0.1% 
N-lauryl sarcosine, ^ r :/ 3o soamin dodv:oyi i^jllhle). Slides wei'e •^;va£h:^d twice with 
water and spun in i-:r;!n:;uge tc Ciiy, They wsi r; t na-:^ scanned using a General 
Scanning Scan- Aj a :>y ' JO fluoresc-^nce ^cir mo . a ; enov/- Massachusetts) and the 
average intensities oi resuking spots w^-:-^ j. i^a^arcd. Shcitis printsd wuh (ID 5) 
were washed for u -ey in PBS/0.05% J weea.20 and for 30 minutes in biockmg 
buffisr (0,2 M Tris ^v:: i 0 inM ethjr^iolaniinti) ^r- :;0'' C. The slides wexc; finally 
washed Avith watej; :i -oed in ceiitriiuge. 

Fluorescendy i;; i^^ued complemenlary ol :gMiudeoxide, S'-Cy3- 
CGGTGGATGG--. G^..r.GOAGGGGCCCGAC f AT i GGGAGCCjGGAGACACAGrA 
A-3' (ID 8)j was iiyt^ - Lzed lo thv; slides oy pi^:;jr ^ -0 u) or nyt^ndtrat^on solution 
(4X SSC, 0.1% :sarco£Ai]e, 2 mg/ini il«!jNA> the sHae t^id p:acing a cover 

slip on top. The ^Ihi :^ vere then kept at ^0^ C nigh iiumidity (75%) to prevent diying 
out of the hybridi:vt!UO; : ;.omtion. Slides \vii;? ;:>et. rjiiseri wxUi 4X ShiU, 2X SSC 
preheated to SO"" C , :a jiiiaateu, 2X SSC. il-v 1: minutes, and tiieu tv/icc .:mo O.IX 
SSC for 2 niinute5 ^iaun ^iicief; w£;re spun i^ry .\r: c antrifugtj. They were ihen 
scanned using a G:;:;^:^: Smarming n>iore:^:^<:^lC':^c>ulner. ^werage ifcensAlies of the 
resulting spots and b i^: j^ri-und le^vels wer^^ mf^r^Hur^N i. The results limited in Table 9 ' 
show that the coau:.; v if v/ithiout compound ^C-A ^mTnobilize slightly l:?5r; 
ohgonucleotidefa!;.;- !:.> : vidizadon of a fluore?;;;:^:. ckgonuciec vid;; re/nnts ;n slightly , 
higher signal. Th;: : e : a^ig background is less rxr- c*>atings which dc ncx contain 
compound X-A. Jl v.iS:: iJiov/s that polyine:.^ ccri.t^ipJng PV3^ bav^kbone compound 
(i.e. Compound XV) :: effective ai imniGbitv::^- i:NA arid give good liybridization 
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T;ab3e 9: Iinn^oriliza/ciO' . ani ;Hi>bridizatioT: of OL: 

S:idc:s- 



ivs :: ;.otides to Glass Microscope 



Compound I>C-A 



covi.c cjyrj: g/1 | ID 7 si 



Compound 1>'-A 



1 



0,25 



CcTTipound IX-D | 1 .2.; 

CciTCO und IX- = I 2.5 



O:impound IX-I) 



ran a v 











0.5 i 






- 0 1 












'"o 








46-<': 






; 0.25 


315.- 



1 hybridization . 

I ID 8 signal- bkg S/N 


38512 


45 


856 


35674 


88 


405 


31061 


34 


914 


24735 


75 


332 


41669 


45 


926 


3';300 


99 


346 


48976 


67 


736 


22743 


123 


185 


50248 j 34 


1478 


47321 1 97 


488 



5 1 Laser vic'a/o:* u-r. ,il oC vr ijil pliOCornuilipUox u;b^ ■; -ci 60% , 



Gbsn s^l'ies v-r.r-e c^v't-;'d with orparoJ^ilP";'" 
Coi-pn^anc i;v A i t 1.^3 ing r-; in wa+er or a n;i:a - 
15 ajA'i 0."5 Compound 7>-A in watei ^VaS oc: -- : 

PGR proticcts fropi (^n'^lpctosida.se gene V; ^ 
h2-i>oirdorhs>, (Efi':::r^nfTis). Priiner with 5'-o;; 
strand i^vd unmodified or/nTsr t:ri the anti-sense- ^-ti 
20 ' stcauded- PCR produc^;^ at 0.5 1 kilobo:;e (k j: ; - 
witbr/pi ojUJie vve'e 3Jso n":arir. The DN As at cor:;..: 



- crbed in Example 25: 
I mg'nil Compound DC-A 
i ) silane treated glass slides as 



i/?tom prepared by ATG 
^ lodification on the sense . 
ere used to prepare donble- 



V 

:i:r • 

r a : ii(>n 0.2 pig/pl in 80 mM 



=va2.th. The control DNAs 



sod-'-- ' r*hc'^^"''^'i;;ie buf*'er. rji 8.5. and ^% sodiuui : 
slides •asir_5r.inkroarra;^,aT;2 spotting pins from Tele 



: e -i^-ere printed on the activated 
; i sr. ; International (San Jose, CA). ;?| 
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The coupling was a-U?v^ proceed in a st;^:^ a c-cv'ti^iner wi-:h 75'^ xnnri^iity overnight 
at room temperatii ! ^: , 

To evalui>\ .■gaais; from iiniri?bii:Z;'C^ -^0?. pro:i'.icts or. ^iucroarrays, the 
. slides were placed :;.r, -Jing wacer ibr 2 mKiuie u> c=3iaiur^ co\Abie-si:] anded DNA 
and to remove the n':; = • Itacaed strand. The slices were thea incubated v/ith 50 mM 
ethanolamiue iu C. *. k:. ris bufier, i)H 9 hi 50 ' C xor i 5 miuuic^s io bio(.^ residual 
reactive groups on la:^ .:zfaces. I'he siidirs ^v<ri : \h(m incubated wifa pre- 
hybridization sota^ro . vndsr gi?3S cover ndy^ at C ibr 1.5 minutes to decrease the 
non-specific backjpc ■ r ; The pre-hybTidizario-i solution contained 5X SSC, 5X 
Denhardt's soluti':^" M; mgmi\ ench of bcvi;je ^wn) aibunin, Ficc;^ ;indPVP), 0.1 
mg/ml salmon sper:?; i and O.r/o The hybridization wa.s then p&ribraied 

with 20 finole/pi r: «: r orescent coniple3r)t^?)i:fery :*e^ection ofego, 5 -Cy3-ACGCCGA 
GTTAACGCCATCr'. t ;D 9), in die prs*tMMirh---!;iiou soluhcn o\^er}}ig?it at 4:5** C. 
Slides were iiieu vVi;.o2: . a:ad ih^ iiybriai; ui^ir -zuxiuii scajincd as a?;:i^cribad in. 
Example 25. 

The results j::; • :^ i^.. Taoie iO indica:e vv-u tiio glass slides coated with 
Compound IX-A a c r./aare of Coxtpcn;^!;/ ,\ A haa corruiaiabie signals. 
Amine-containing i'* . i product hfai at leas-: SO-lbld iiigher hybridi:'aticn signals than 
non-modified Dl\/.. 'I low ]evd of sii;]ir.uJ: - Lih lin-mcdifkd DiS/^ vvc;fci pn^bably 
due to side rsacpuu- c ; v/t^cji airanefc on 'rr- :-ir ::'r:>c;/ciic r>cses to the iv:nvated 
surfaces. 




Coatinn 



^•\mine -primer 



Non-modiiied primer 
PGR product . 



Compound IX-A 




Conipound DC-A i-:: d 
Compoxmd X-A } : ]:« :i . 



•341 ±79 
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Example 27 

Tfy^?-nr!ip>at;on of L nTiXOlrdlili^dECEjPJaim'^i!^ ■ r.Aated Glass 5;iides with 
nijo^nniiyleo lide D?-tr.r-i^ Qr. Prnhe - CoiYiparisc ■ :--e^ /gen SurModics and otiier ■ 

(!om merc:ial Sli .ct. .-; 



10 



15 



20 



25 



30 



?CR products froro zDNA clones can be a;;. i to the positively charged 
glasfi surfaces, suchavS po}ySysine; DeRisi, et. aL, (Scif^ivje, 278, 680-686, 1997), and a 
cc^'a!elit approach having ;:i iehyde groups has bei-:r: rep >rted by Schena (Schena 
etal, Proc, Kati. Acad. Sc;. USA. 93, 10614-106;:? . b: ihis example PGR products 
were aUached to those s^mfiaces and the hybTidizsli-: : =ug:;:als were compared v^dth the 
coatings from this inve^ntion. SurModics glass slirl wej e coated with mixture of 
Compo-md IX-A and C^ovnpoxnK^ X-A as describee; '•- • Example 25. Silylated glass 
slides riat have rc^active f i.i-^^bydtr: ):;roups for immc , -.1 rrng amine-functionalizedDNA 
was manufactured by CEl. A.s^jociates, Inc. (Hou^tr l T;0. Polylysine glass slides 
were purch^vseo irom ?^ jji^v ;:; 

PCR nroducts ) Vb iength from B-g?dactcr v;:ia:.e at 1.5 pmole/jil in 50 mM 
sodium phosph:i;:e buf ^r. pH 8.5, ] n?M EDTA 3% ^odium sulfate were printed 
onto siivlated slides, ruiyh-rjie slides and SurMofi i- coated slides using 0.006" id 
reedie as described in Kx:^:'r?le 25. The SurModic:^ ? -ir ^vs were then mcubated in 
75% relative hv-rriidity ch^rr.bf:T for 2 da>'i^, denacn; 
batli for 2 aiinvli;^, arj:'i b!:.;: ked \vith 1 0 xr^l clL^::: 
minuLi:- at 50^ C. The Sily -vilcd ^iiides were incub^: 
hours and then ri^duced with sodium boro^ydrid:;-; . 
The polylysine slides v/ere UV crosslinked aiin th':= 
as dv='scribed m :he iiie.wiiUie', All the processed s : ir £ vere hybridized with 20 ^ 
fniole/ .u of co7-:r:>\en'ajit:i""/ detection oligcnvjcleo: .o:: ID 9 in 4X SSC, 2 mg/ml 
tR; 0. :% I'.viioylsevc.^rO-e 45*" C cve-rughi. -dides were washed and ^ 
hybridi^adort iJ^jinals werij -tcri^^^^^ " i^, .^, 

Tlie resuiSs are sh() in the fbllo^Vbe :3 :i u-. . There wiisji^^ ^.^^^ 
: 'signals betweeiV ainin.:-i^vo.;?if;id v^rsu^i^ on silylated md polyl^^^^ 



v; b submerging in boiling water 
: n7i-c, 0.2 M Tris, pH 8.5 fbr 30 

■ v. ii- a Humidified incubator for 4 
aggested by the manufacturer. 
1 Ic eked v^dth succinic anhydride 
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slides. Only !^ui-jW:-d;v, -.^o^iting? den^.o3;LUxai^d = ^ic:rcua. au.acxmjiini dueto 



having a D'-amine cri rj 
attachment of DNA i? : 
highest backgroviii;;: .. i.' 
onto the surfaces. 
Table 11: Hybrid:: .^ir 
Detection Oli genu: e - 



• 1 kb ^vith S!ir!V[oc.ios cciit'ngs. ? ^lylys^ne :iHdes had the 
ahiy due f.a ionic aiul/or i;.0}i- i^pedfic building ofuie DNA 

S:gnai^; WilJi IiTj:apbni;::ed ! Kb DNA and a Con^plementary 
fD 9 on Coated CI -Si :- '.Uioes. C\ /i»ipaiiscn of Compound 



DC-A/Ccmpoxmd X ^': oa"ed Slides and Cornivn-^r ^u:* Glars] Slidrs, 



Coating 



Compoxmd IX- A -ar ; i 
Compoimd X-A M i;; c 
Silylated 



I Amine-primr'T ' '''[;ji^-niodiiicd ! Bac.k:ground 
; ?CR p:-oduri ^ prime! 

^p26^ 58013,21 9' '^^ ^' ^' ' 04£Vr iH^ "'H' """"^Ts 



Polylysine 



3,075 



Immobilization aivj : ■ ->ridization of PGR Proaiicts with cO^A Drtte^cnon Probe on 



15 



20 



25 



Two sstir 0I were jjrepared ai> u^^scaced in EA^inpie; 2;k ly:iree PGR 

isroduct sequencer ^a-ii, i-rated ? 1 1, ;*<JEF, daf) iti^imng uii amine 011 00th, the 
forward, the revcr::;e or ndther irirand (prov-deti v.;: A:;y3 Paamiaceu Jcah, La Jolla, 
California) were aj:?s::i .,;d m printing buffer (80ijg/^ib, heated at idO'' C, cooled on 
ice, and printed on .; . des using a Gen^iMicr nrr^ytr (iviokcular Jynamics, 

A^^x iiicubation ov&rr:: as dei?:cribeG in Bxan^pls 25, the 
:nMiing water batli cor 2 mi autes, washed Vv^'rce with 
.::ised twice with waver. i piit in blocking bufvlr for 30 
Vdes wf;re than r:n:y^:d v.'i r: ^v^ ater ynd spun dry. Slides were 



Sunnyvale, Califcii i 
slides were placed *i 
PBS/p.05% tween- iC: 
nunutes at SO^'C- Iha 



prehybridized as desco. ir ^d in Ex;unple 26 and r:};br;d}zed ro a iaixi:ure 0 f liuorescently 
(Cy3) labeled cDK/V • p rovided by Axys Ph^irm;rV.:Su.ti in 50% fonnatpide, 5X . : 



SSC, 0.1% SDS, and 0.1 nrg ^'ml salmon sperm DM- it ^2=^0 overnight. This mixture 
contained ooxnplementsry prob es to the fbrv^'ard nix- of all three PGR product 
targets- The Fl I probe was ;:&:] at a 1 to 50.00C . ratio relative to the other two 
sequences. After hybridization,, the slides were \v?a ^ r i and scanned as described in 

5 Example 25. The average ir.:;en Bit! es ol tlae :^po1s arc .l^ovra in Table 12, Slides which 
were hybridized to a cDNA prooe mixture which did : ^ot c ontain the Fl 1 probe 
shewed no -signal in these spots. The resul-:? shc^v * h ur b :'':h coating types give,, 
comparshle hybridization re?^Mk^i. The coating con viuz compound X-A had nmch 
higher b5.ckgrcL:i:d. This wn i espedally im^ in the t !v;a r ear where the PGR product 

10 onvitd. 

Tal :e 1 2: Iixi:inobilizatiGn of PGR Products and l< /briclization to Fluorescently 
Labeled cDKA on Glass Microscope Slides. Nur. bers are Fluorescent Signal^ 



zorxliii wth ! 
comT)OUT)d Dv-.A 


arfiiii;" :''ri 

bothsir:mds forwarc' trverse strand neither strand 

stiand 


1 TCb daf 
1 Kb Fli 


-512:5.1) "59.5 3590.5 
292 1.5 14294 
58t 1359.5 123.5 891.5 




backr: viiv c-^ 30 


coated v/it.b rriixt-are 
compcaads IX-A & 


amine c ii 

both strands fcnvaid re \^erse strand neither strand 


jO.85 Kb XSF 
jl Kb daf 

I; ?".\ 


30-1 ]289C 779 4119 
i^;:?2.:3 13269.5 
- :()37.5 132 860.5 


1 

' Mia 


backgi;ou:id= varies f:i>ni 1 ^3 to 2500 ^ 



15 1 L5.:se:- po^vsr u^v; at SC% er^^ p!K>:Omv;::rpikr lio- -e^ a-: J:0% 
Table ] >: Co^r: pounds. 
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COMPOUND IV 
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COMPOliJTND XIV 
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What is claimed is : 

1 , A rcctf::<t: il composirion for attfrhing a target molecule to the surface of 
a substrate, the vQHi^m oaupos-don cornphHu.tg a pol>meric bacitbone having one or 
5 more pendent thennouii?MtucaIiy reactive gi-ouj'.r adapted to foim covalent bonds with 
corresponding fuiiciioijai groups on the target molecule, the reagent adapted to be 
coated and immobilr^Mc on a surface in a niaiiner that permits: a) a small sample 
volume of a solutio^^^ i:oiitaining the target moltfoxile to be appHed in the foim of a 
discrete spot on the re ^i v sni-coated surface, b ) t arget molecule present in the sample 
10 volume to become >^lr^ i: -ed to ti ie boiuid re? "rent by reaction between its functional 
groups and the correspOTicmg therraochemicali;/ reactive groups, and c) substantially 
all unattached target rr;^^)ecuie to be washed from the spot without undue detectable 
amounts of target mol eoule in the area surrounding the spot, 
. 2. A rei^.g v:;rii composition according to claim 1 wherein the target 
15 molecide comprises a nuc jeic acid and the surface comprises the surface of a plastic or 
organosilane-pretreaiec ;7iass slide. 

3. A reagciii: composition according to claim 2 wherein the nucleic acid 
comprises one or rr oi^f; ranctional groups select sd from the group consisting of amine 
and sulfliydryl groups;. 
20 4. A r eag=;;iil composition acc^ording to claim 1 wherein the sample 

volume is on the orde r of twenty nanoliters or less. 

5. A leag^iU composition according to claim 1 wherein the composition 
fiirther comprises one? ov more latent reacnve groups composing photoreactive groiq)S 
for attaching the reagf! .i i composition to the surface upon application of energy from a 

25 suitable source. 

6. A reag-j;t composition according to claim 5 wherein the 
thermochemically reactive groups and photoresctive groups are pendent upon one or 
more hydrophilic polyn-eric backbones. 

7. A reageni; composition accorc.ir;g to claim 6 wherein the photoreactive ^ ^ - 
are selected fr^m the group coiisisting c f aiyl ketones. vX^S^r^c^^ ' ^1^^ 



30 groups are selected 
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;v A reagsnt cor.iposivion act:-<ird;ng to c]-: . t . ; 7 wherein the photoreactive 
aryl ketones are each, independent'>, selected xroni t. v^<-^xp consisting of 
acetopheiione, benzophenonc, aiitlTjaqxiinone, anthrc vi-. arirj anthrone-like heterocycles. 

9. A :reagf:nt corr-poj;it:on acccrding to c = '■i- 5 wherein tlie target 
mokmle is a iiuc'eic acid ^i^. thr^ photore^ ::^t:iv j ; - t - selected from the group 
consisting of pliotoreat^tive :^^!y! k;?^^^ 

1 0. A reage7it composition according tc • i ■ ir: ' 5 wherein the polymeric 
baclrhone is selected from llic imv-vp consisth).g of ' • ^'inyls, nylons, 
poi^oirtd-aaiies and pol:^^ethero, the i^endcal thsna->och:.. ::i'.^:Liy reactive groups are 
seieoua:: from the grcup corisi.s'iin?: of activated t^t^z■' . e : ;r<ide, azlactones, activated 
hycToxyls and inaleirr-ide, and the backb;:.iu3 fiirtner ■ :>rises one or more pendent 
photoreactive eronps selects. i norw the gro.ip cons: i-i.^; of aryl ketones. 

1 3 . A method of ar.ac!:ing a target mole: :^ o tlie surface of a substrate, 
the method comprising: 

^) oroviding a i ea.^ avit composiiion co l : ng a polymeric backbone 
h^vi^ .r; pp^e or more peiidem: thern-^ochemically rcac. i c v^roups adapted to form 
covaier t bonds with correspondir>:? functional gr<^u;|; . ^><s Ihe target molecule, the 
reagent adapted to be coated -ri^id immobilized o?) 
a small 5vimple volume of a^olat-,on containing t-ie 
the fona of a discrete s-pot cm ihe v'eageiA-coated s\* 
the sajvipk voiume to beco-: ;c cc-valemly aaached = 
bet^-.ve£)n iti. luiicrionai .groii.v^? ancl the corrcspoudir : 
grGXK;£. and iii) siibsiiijinul).\ aj • i^j-iatuid^^c t^rgel r; 
spot v/\thoul vividue deLecT:d>;o auicunts or*-&xget l?: 



f? in a manner that permits: i) 
g :t molecule to be applied in 

: ii) target molecule present in 
: :f bound reagent by reaction 
l;c :;inochemically reactive .^^^"j^. . 
u e to be \yashed from tiiie 
in tlie area surrounding the 



25 



b*i ccati/i^ aii.'? ^ o:^niobilizing the vea^;f^^ ^: v:\ aposition on the substrate 



30 



-^ providixig a ^oluticn ccijxprisina ^ w^;^"^- - noiecule having one or more - y^ 

to\cv:Min?u grcvips ther-ncc): ^niii::^=^Tiy re^t^ 



til;- VCc 



'mi—'' ■ 
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d) apply? o-ne or ino;re discrete >?ritail sar^ 
solution on the sur:\^*j:r: ' :rje su'osirate suxilice^ aid 

e) ailc^-^ r.'g :he ihemiccheniically rf-aclive gix>ups provided by the reagent 
composidon to fcnvrt c: . ,?.lfnit bondfi >vith c-0:Ter;]>onding functioiial groups provided 

5 by the target mole^. ; i] ~ : order to attsch the canj 3t molecule to the surface. 

12. A ni- :r;v::n according to claim 1 1 ;vherein the lai-get molecule comprises 
anucleic acid and tne; r-iurface comprises the siu*face of aplastic, silicon hydride, or * 
organosilane-pretrejv^t^rL vlass or silicone slid??. 

13. A met he a according to claim 12 wherein the nucleic acid comprises 
10 one or more funclK: net: vruups selected from the group consisting of amine and 

sulfhydryl groups. 

14. A mtui jod according to claim 1 1 wherein the sample volume is on the 
order of twenty nano ] i =, t; :s or less . 

15. A m • according to claim 1 L wherem the compcsitio:! further 
15 comprises one or Uiou:: vtent reactive groups comprising photoreactive groups for 

attaching the reagerM ci: a iposiiion lo the surfl^- o upon application of energy fix)m a 
suitable source. 

16. A ineL icJ. according to claim 15 wherein the themiochemicaliy 
reactive groups ana prKivoreactiva »^oups are pendent upon one or more hydrophilic 

20 polymeric backbone;-; nrA the photoreactive gvcups are selected from the group 
consisting of photon e^A, v^^ a^i ketones. 

17. A iriechod according to claim 16 wherein t^^ % 
are each, independeiitty, selected Horn the group consisting of acstopnenone, " ; '^^f • 
benzophenone, anii rauitmone, an±u*one, iitid an^Jirone-like heterocycles. \ yjN 

25 18, A m ^dx>d according to claim 11 vvherein the polymeiic backbone 

selected from the gxo up consisting of acrj^Ucs, vinyls, nylons, poiyurethanes and ; ; 
polyethers, the pendr;.; : rhenncchtrmically reacdve groups are selected from the group : 
consisting of activated esters, epoxide, azlactones, activated hydroxyls and maleimide, y 
and the backbone ftinh: / comprises one or mor<'. pendent photoreactive groups , ^,%:;;:':^::Z^^Mk 
30 selected from the 



gnjup consisting of aryl ketanes;;\ .^s': '" ' ;• : . 



19. A. method ac joioli ig to claim 1 1 v; ^ : :e method is used to prepare 
cnp or r'.cr- n»icroarrav:5 of ruol - acids apor; ur^ of aplastic, silicon hydride, 
cr or;;;£:ru:.iiI:; iir^-pretreated gUss c-; silicori^i slide, e'v v . vr : :roarray providing at least 
aboiit • 00/c-7f distinct nxick i^- acids havkg a ler;:^;; : ^ ^east 10 nucleotides^ the 
nucleic acids each being sjKtled u) discrete :vf:gic7i.s ... liefrned amounts of between 
about'C.l fenriornoles and a^:»c/n^ lOnaiio:^^^ 

20. A. method tccciclir to claim 19 vt /^oi ihe regions are generally 
circvlPA' m shape, having a diaTtiet^T of batv-een eb- 3 ^^ .-licrons and about 500 
microns and sor.arated from vifb^ regions in the ^rir■' \ - center to center spacing of 
abc^y-: ',h') '.-nicrons to about 1 '000 microns. 

21 . An activated slide comprit-irg a fia- ^ = : :\ surface coated with the 
bound re:%7due of a reagent composition comprisinj.! j:^• vmeric backbone having one 
or more pendei'T. tiiernAOoher(!it:;uly reacMv;? ground .-r.? j-.-itd to form covalent bonds 
with conesponding function . a! pcups on the texgrX . r. . ule, the reagent adapted to 
be coated and immobilized on the surface iii a mari ; ; tnal: permits: a) a small sample 
voK-iV!^ of a st>lution containing the targel: molecidc :: be applied in the form of a 
discrete spot on the reagenv-:--o£ted surfacs, b) tai : o ;e;:ule present in the sample 
vohinie to become attaohi^cl line boimd. reagent b; ■= : :v;hon between its functional 
groups ^.nd the corre5p:)ndiv?:;r lii^iriTnocherriAcaUy re- gn^ups, and c) substantially 
all unaUached target ri-iolec..:li.: o'c- warMi^iLl iion. '^/ithout undue detectable 
a33*\Oiirt*^ oCtivr^ret mckcule in fce :area suvj;ouudi;:i|; -:. - oOu - • - v-.v-:,::; 

. 22. All actlvatct.: liiide; according tc cla^ .; : wherein the slide is adapt^ ; 
for xiibj : eating a microxrrav wherein the "srjfet m-n. i, . cdmprises a nucleic acid and 
the f:Orfac;e co*:f:orise:: rhe jKrr&'re of a p1?t£ti:^. silica . .-^uAde, or organosilane- 
pxetieaied ^rila^^; or si.ji::oTifr ^. . ■ . . 

' 23. An, aclivate'i -^liitc -ficconlfjig to ci -u. . :^ * . herein the nucleic acid- ' 
con::-!)-;?;::- oric; ;:^r more- fur. :"k r:-iil eroui^ci i;£leot;^ -^v; : ;e group consisting of aniine 
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25. Axi ^ - slide aocordiriH, ro ciuim 21 whei«in xhe coiii^osiiion 
further comprises -rnv ^ Ji-eiit reactive groups comprising phoToreactive groins 
for attaching the re*. ::c;: :empos iaon to tli? siirciice upon app;icav:on ni" energy ftom a 
suitable source. 

5 26, All a;u^ I' ?;e(i slide according lo ciaim 25 wherein the thermochemically 

reactive groups and p": o! or*?active groups are pendent upon one or more hydrophilic 
polymeric backbone's rSi; i the photoreactive fcn^'^ :ps are selectt^d fi om the jzroup 
consisting of photr.r ■ aryi V:eiones, 

27. An t i ■^•■ii^o. siide ciccording l:o clf^im 26 wherein the pl^oioreacdve aiyl 
10 ketones are each, ir.r?ep:n laeniiy, selected from the group consistmg of acetoplienone, 

benzophenone, aritmac liinoae, anthrone, and antbrone-iike heterocycles. 

28. An acTv/r ied shde according to ciaim 21 wherein tlie poljoneric 
backbone is selected : c . :a the group consisting of acrylics, vinyls, njaons, 
polyurethanes and pcjivi: :iers, the pendent thenriochemicaily reactive groups are 

15 selected from the g; ou o ;<:>)isisting of activated esters, epoxide, aziactones, activated 
hydroxyls and maitr n* i u^i, end the backbone funher comprises one or more pendent 
phoioreactive groups t eiected from the group consisting of sayl ketones. 

29. A inLcc^niirayprepaiedby a rneihcd comprising: 
a) prc\ id i; a reagent composiiion comprising a polymeric backbone 

20 having one or moie pc;.;M leiit thermochemically reactive groups adapied to form 
covalent bonds witi: i r :^ esponding Itinctioriai gzoups on the target molecule, the 
reagent adapted to be CO ;u:ed and immobilized o 

manner that pemiics : Tj ^ small sample volume of a solution containing the target 
molecule to be appli ed la the form of a discrete spot on the reagent-coated siuiace, ii) 
25 target molecule pre;;e:: t :.n the sample volume to become attached to the bound reagent 
by reaction between i^s I'unctional groups and the corresponding thermochemically 
reactive groups, and ii j :^u.bfitantially all unattached target molecule to be washed 
from the spot witho x .i a iue detectable amounts of target molecule in the area 
surrounding the spc i, 
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b) coating and inrocbilizing the reaj:?;; : -oi-:posi1;ion on the substrate 
surface, ' 

c) providing £ :^ t>lii1.io5i comprising a tr jtt molecule having one or more 
function^} groups thermoch^rmxcajly reactive with ocK- ^ ^nondmg groups provided by 
the reagent composition, 

d) applying one or more discrete small ; ;:::'v:?l.e volume spots of the 
solution on the surface of the: substrate surface, and 

e) aViOwing the rhermochemically reac ' \ ^xoups provided by the reagent 
composition to form covaleivr bonds with coiTespo:! ;r.g functional groups provided 
by the target molecule in crder to -attach the target ':::Cuie to the surface. 

30. A microaixay according to claim 29 " ; r.::^rein the target molecule 
comprisc-s anucleic acid and v,he surface compriser: rairface of aplastic, silicon 
hydi-ide, or orgimosilatieo::<f^(re:ned glass or silicon ■ [ -de . 

31. A microamav according to claim 3'^ ^^ c jin the nucleic acid comprises 
one or more functional grou- :»s selected ncm the ^\ v y- consisting of amine and 

sulf dryl groups. 

?i2. A microan-ay according to claim 2^ herein the sample volume is on 
the order o f twenty naiioliters or less. 

33. A microamt ' according to claim ::v . • r^re^in the composition further 
comprises ons or iuore iatenL reactive groups co-r; .h photoreactive groups for 
attaching the reagent composition to the surface vlxk ) ai:>plication of energy from a 

suit-^blfi source. . - :;V - ; ; • • ^ 

34. A microaii ay according io claim < ::^:celn the thermochemically 
r^acti v e groups and pbotcrcnctive groups are pendc v. upon one or more hydrophilic 
polymeric backbones and i; re photoreactive grou^.^ - v. ;f.;iected from the group . 
ccriGistirg of photore;.active v.:^] I^je-ones 

35. A mictoarruv according to claim 3A harcin the photoreactive aiyl 
ketcne:! are each, indepfaatk;!-:] y. [.elected from the ccosisting of acetophenone, . 
ben:^ot:/i'£ncnc, ;^atteouinoriC. .ini-*j:one,>nd aitlv^r : i^heterocycles.,. 
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36. A m;cro;-r ay according to ciaar. :''.9 wherein the polvmeric backbone is 
selected from the groi;!::i insisting of acr>*3ics, v^jxyls, iiylous, polyurethaies and 
polyefliers, the pen ..e'i l i itt:rmocnemicaily reacuve gioups are seiecxed ivom the group 
consisting of activar.-5(. ^ _ iars, epoxide, azlactones, activated iiydro.y is and maleimide, 
and the backbone f .; ri ; 'mpriseH one or more pendent photoreactive j^*oups 
selected from the g- oup ..insisting of aryl Keroner-i. 

37. A xii^ V ro ray according to claiir^ 29 wherein the metiiod is used to 
prepare one or more n; .^loairays of nucleic acids upon the surface oi aplastic, silicon 
hydride, or organo;-: lar/.: crotreated glass o:: L-ii.ii:cne slide, each microa>Tay providing 
at least about xOO/cr r : : ■ 9U:rict nucieic acids havut g a length of at least iO r-ucleotides, 
the nucleic acids e^ir o : ■ .ng spotted in discrete regions and deiia^^d amoiJiiis of 
between about 0.1 iMiri noies aiid Kbout iC nanomoles. 

38. A rr > :r i.;; :<.y accordvag to cia;;n 37 wherein the regions are generally 
circular in shape, vi . -i diameter of bet wecri ubout 10 microns and about 500 
microns and sepaxa;o.1 otha:: r^^gions izi the i^rray by caiter to center spacing of 
about 20 microns t'.; aS: : 1000 microns. 
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